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MANCHESTER GEOLOGICAL SOCIETY. 



OBJECTS. 

Th» object* of the Maitchesteb GEOLOSiciL Soctftt are the 
eolleetion and diffusion of Practieai and Tkearetieal Knowledge 
rtipecting Otology and Mining. In furtherance of tueh ohjectt, 
original Poperi on Geological and Mining auhjeela — either written by 
the memberi of the Society, or communicated to the Society through a 
member, on behalf of the authors — shall he read artd diaeiuaed at tV« 
meetingt, and if judged to be of evffieient intcreet, ihall be printed at 
the expense of the Society, in ite HV-aneaettons. 



RULES. 

I. — The Society ooneiata of Ordinary, Life, Honorary, and 
Correspondiiig Members. 

II. — Every candidate for admiesion into the., Society as an 
ordinary member, mnst be proposed by two or^more members, wbo 
must sign a certi£cat« in recommendation of hiio, eetting forth tlie 
name, deecription, and place of residence of the candidate. 

III. — The certificate, when duly filled up, shall be read aloud 
at the next ordinary meeting of the Society ; and the election of 
the candidate shall forthwith be decided by a majority of votes, 

rV". — The Secretaries shall address to every person elected a 
member, a notification of such election, with a copy of the printed 
Rules and Bye-lays of the Society. 

T. — No person elected a member shall be entitled to exercise 
any privilege as such, until he shall have paid his annual subscrip- 
tion, or the composition in lieu thereof. 
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Yl. — ^The atmnBl Bobscriptiou to be paid hj orduiaiy memben 
dull be twenty shillings, due on each encceBsiTe first day of 
October, and payaUe in advance for the current year, aitd aball be 
a debt dae to and recoverable as snch by the TreaBorer for Hie 
time being. 

YU. — Members joining the Society on or after the first day 
of Apnl in any year, shall pay the sum of ten shillings as the 
subscription for the cturent year, 

Vm. — An ordinary member may, at his election, or any fntnre 
period, become a life member by componnding for fntore annual 
BubscriptionB, including that of the current year, by the payment 
of ten pounds. If he has already paid the subscription for tbe 
current year, or any part of it, such payment shall be allowed in 
part of his composition. 

LX. — The payment by an ordinary or life member, of the 
subscription, or tbe compositian in lieu thereof, shall iniply the 
acquiescence of such member in the fiules and Begolations of the 
Society, and shall entitle him (so long as no snbscriptiona remain 
unpaid) to admission to the meetings of the Society, the use of the 
Library, and to one copy of each d the Transactions, and of any 
other publications the Society may print. 

X. — Individuals distinguished for their Geological or Mining 
researches, for their liberality to the Society, or lor their con- 
nexiou with other Societies, may, on the recommendation of the 
Council, be elected honorary or corresponding members of this 
Society at any ordinary or general meeting. But such honorary or 
cotrespondiug members shall have no vote in the affairs of the 
Society. 

XI, — Any member may withdraw from the Society by 
dgnifjing his wish to do so, by letter under his hand, to ^e 
Secretaries, at the apartments of the Society ; provided always, 
that such member shall be liable for the subscription for the whole 
year wherein he aignifes his wish to withdraw ; and ah nil eontinue 
liable to future annual subscriptions until he have discharged all 
sums due from him to tiie Society, . and retomed all books and 
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other property, if any, in hia cnatody, belonging to the Society ; 
or ehaU have made fnll compensation for the same if lost or not 
forthcoming after two months' notice from the Secretaries. 

XII, — As soon as any member hao let his gubscriptaons full two 
years in arrear, the Secretary shall notify the fact to him, and 
require him to pay what is due within one month. In caee of 
Don-compliance with snch request, t^e Conncil may determine the 
membership of the defaulter. 

XIII. — An annual meeting of the Society shall he held in the 
month of October, for the purpose of electing the officers for the 
cnrrent year, receiving the AnTina] Beport of the Conncil, together 
-with an audited statement of the Beceipte and Expenditure 
of the lost year, and transacting the general affairs of the Society. 
At this meeting any member may question the Council upon any 
matter contained in such report and comment thereon, and on any 
other matters of which notice in writing had been previously given 
to the Council, relating to the affairs of the Society, aa to him 
may appear proper, 

XTV. — Ordinary meetings of the Society shall be held once, 
at least, in every month, from October to June, inclusive, at such 
time as the Council shall appoint. Each member shall have the 
power to introduce visitors to the meetings, on entering their 
names in a book to be kept for that purpose. 

XY. — Ordinary meetings may be held in other localities than 
Uanchester, according to the pleasure of the Society, te be 
determined at a previous meeting, 

XVI, — Circulars announcing meetings of the Society, or of the 
Conncil, shall he sent, free of postage, to the respective members 
of those bodies, at least three days before such meeting. 

XYU. — Special general meetings may be summoned by the 
Council, or by Hie Secretaries, on the requisition in writing, of 
any six members of the Society, by notice delivered free, or sent 
by post, pre-paid, to all the members whose addresses aro known, 
not lesa than one week, nor more than a fortnight, before any such 
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meetings. Bach notice shall state the time and place of holding the 
meeting, and the specific pnrpoaes for which it is convened ; and 
the business of such meeting shall be restricted to such pnrposes, 

XVUI. — At the hour appointed for a meeting of the Society or 
Conncil, the chair shall be taken by the President, or the senior 
Vice-President present, and in their absenc* the meeting shall, 
previously to entering upon any other business, elect some member 
present to be Chairman. 

XIX. — All questions discussed at any such meeting, except as 
otherwise provided, shall be decided by a majority of votes ; and 
if upon any question the vot^s shall be eqnal, the Chairman of the 
meeting shall have a second vote as a casting vote. 

XX. — Ko business shall be done at any such ordinary or special 
meeting unless when five members at least are present, except 
that any number of member who may be present, not being 
less than two, may adjourn the meeting to a future day, such 
adjourned meeting to be summoned in the same manner as thS 
original meeting. ■ 

XXI. — A President, four Vice-Presidents, two Honorary 
Secretaries, and a Treasurer, shall be elected at each annual 
meeting ; and the foregoing, together with twelve oidinaiy 
members, to be elected at the same time, shall form the Council 
of the Society, and shall have the management of its affairs, 
except as is otherwise provided by these Boles ; and at the same 
meeting two Auditors shall be elected for the year ensuing. These 
elections shall be by ballot. In addition to the foor Vice- 
Presidents annually elected, the E^-Presidents shall be ex post 
offUio, Vice-Presidents of the Society. 

XXII. — Any member who has been for six months a member 
of the Society, and whose subscription is not in arreor, shall be 
eligible to be elected an officer or member of the Council. 

XXIII. — In the event of any vacancy occurring during the 
year in the officers or Council, the same shall be filled up by 
the Council. 
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XXIV. — The Preddent shtJl not be eligible for Hiat office for 
more than two yeare in snccessioii ; and the two Yice-Fresidenta, 
and the fonr members of the Council who shall bare attended the 
meetingB of Council the least number of times, shall be ineligible 
to the same office for the ensuing year. 

XXT. — The Council shall hare power to make Bye-laws and 
Begulations, in acooidanoe with the general Bules of the Society, 
to appoint, suspend, or dismiss salaried agents, clerks, or serrants ; 
to purchase and collect books, mape, models, specimens, and other 
objects ; to proride rooms for the meetings of the Society, and pay 
rent for the same ; and to purchase furniture or other articles that 
they deem neoeeeary for the use of the Society. 

XXIV. — The Council shall meet once at least in erery month, 
and upon such other occasions as they may deem expedient. 
Special meetings of the Council may be celled by either of the 
Secretaries, or on the requisition of any three members of the 
. Council, of which number the officer conrening such meeting may 
be one ; any three members of the Council present at a meeting 
being sufficient to constitute a quonun. 

XXVn. — A minute of the proceedings of all meetings shall be 
entered by the Secretaries in a book t« be kept for that purpose. 

XXVUI. — The Council shall decide whether a paper shall be 
printed in the Transactions or not, and if they do not unanimously 
agree to print it, or reject it, they may refer it to one or more 
members of the Society, to report upon ita merits, and, in 
exceptional cases, refer it to competent persons who are not 
members. After having receired such reports, the Council shall 
decide withont delay whether or not the paper is to be printed. 
The author of a paper shall be at liberty to reserve his right of 
property therein, and shall hare a right to withdraw it from 
publication, by giring timely notice to the Council. 

yVTy . — All moneys, the Library, and all chattels of the Society, 
shall be held by the Fiesident and Treasurer for the time being, as 
legal owners thereof, but in trust for the Society, and under the 
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direction of the Council, and all inyeBtments shall be made in the 

names of snch memben, not being leas than two, aa the Socie^ 
may from time to time appoint. 

XXX. — All the funds and moneys of the Society shall be 
applied by or under the .direction of the Council, in paying the 
debts and demands for the time being owing by the Society, and 
carrying ont the purposes thereof as defined in the preceding 
Boles ; and no dividend, gift, division, or bonus in money shall at 
any time, or under any circumstances, be made nnto or between 
the members of the'Sodely or any of them. 

XXXI. — No additional rule, nor any alteration or repeal of any 
existing or future rule or rules of the Society shall be made, 
unleBB with the consent of three-fourths in number of such of the 
ordinary and life members as may be present at any annual or 
special meeting ; and tlie proposed change must be announced by 
drcular to the members whose addresses are known, at least three 
weeks before such meeting. 

XXXII. — The Society shall not be dissolved, nor shall the 
Library or other property be disposed of, unless with the ooneent, 
in writing, of three-fourths of such of the ordinary and life 
members as may be' present at each of two BUCcesaiTe special 
general meetings, ~dnly convened by public advertisement in the 
Manchester daily newspapers, and 'by notice sent by post at least 
one calendarjmonth before each meeting, to all members, whose 
addresses are known ; such meetings to be held at an interval ot 
not less than two, nor more than four, calendar months. 
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BYE-LAWS 

RE&ITLATION OP THE LIBRARY. 



I. — ISo Book, Map, or document shall be taken from the 
Library without the same being first enteied in a HegiBter, in 
emch manner as the Council sliall from time to time direct. 

n. — The time allowed for retaining a Book, &o., ahall not 
exceed one calendar montb. 

III. — No Yember shall be allowed to renew a Tolnme, Map, 
&c., in case any other Member shall have entered hia name as 
being deeirous of taking out the same on ita return. Such Tolnme, 
Map, &c., ehall, on its return firom the person holding the. same, 
be entered as taken out by the Member ao applying, and shall not 
be taken away by any Member, save him in whose name it is 
entered, till the expiration of the period for which tie Member in 
whose name it is entered would have been entitled to hold the 
aame. At which period the said Book, &c., (in case the same shall 
not have been taken out by the party in whose name it ia entered 
on the Begister,) shall be marked in the Ilegist«r as returned. 

IV. — The time allowed for holding ahall, in every case, be 
computed from the date of the entry in the Begister. 

T. — Every Member shall return the Books, Maps, and documents 
belonging to the Society in«e8 good a condition as when they were 
delivered into his posseBsion, and shall be answerable for the same 
till their return from him, to the Society, is correctly entered in 
the Register. 

By order of the Council, 
JOHN EDWARD FORBES, T.G.S., i Hobobiky 
JOHN PLANT, F.G.8., ( SECHBTiiuES. 
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TRANSACTIONS ! ' ' "^ "■ 

'\' ■ ' • ! 

MANCHESTER GEOLOGICAL SOCIETY il 

PiM I. Vol. XV. Swbioh 1878-9. 

ANNTTAL MEETING. 



The Annual Mebtiko of the Members of the Society 
TBS held on Tuesday, tlie 29th Octoher, in the Literary and 
Fhilofiophical Society's fiooms, George Street, Manchester; 

Joseph Dickinsok, Esq., F.G.S., President, 
in the Chair. 

Kr. James Aahworth, 56, Upper Duke Street, Southport; 
Mr. Abel Clayton, Mining Engineer, 11, Ohapel Walks, 
Manchester; Mr. Simon Nail, Land and Mine Surveyor, 
Newbold, Bochdale; Mr. William Ndson, CoUieiy Manager, 
Leigh, Lancashire ; Dr. J, Beswick Perrin, The Homestead, 
Leigh, Lancashire; and Mr. James Henry Stephens, Land 
and Mine Surveyor, Leigh, Lancashire, were elected ordinary 
members of the Society. 



The Beport of the Council and the Treasurer's Balance 
Sheet, were read by Mr. J. S. Martin, Honorary Secretary. 

REPORT OF THE COUNCIL FOR 1877-8; 
Tour Council have pleasure in being able to report that 
the Session of 1877-8 has been a prosperous one. The 
nimiber of members has been increased. Interesting and 
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important papers bare been read, and important subjeots 
brought before the meetings, and the discussions thereon 
well maintained. The average attendance of members haa 
also been Batisfactory, showing an increased interest in the 
Society and the subjects brought forward. 

Seventeen new members have been elected, viz. : — 1 hon- 
orary and 16 ordinary members, while the loss has been 
8, viz. : I honorary and 3 ordinary members deceased, and 5 
ordinary members resigned. The number now enrolled 
is 153, viz. : 10 life members, 17 honorary members, and 
136 ordinary members. 

Nine meetings have been held, and the parts of the 
transactions appertaining thereto have been distributed 
among the members and the societies with which publica- 
tions are exchanged. 

The funds of the Society are in a satisfactory state, the 
sum of £600 remains invested in the 4 per cent. Guaranteed 
Stock of the Birkenhead Railway. The outstanding sub- 
scriptions, as well as the liabilities, are small in amount^ 
■ as will be seen by reference to the Balance Sheet. 

The Library has been increased by the addition of many 
valuable works, including the Transactions and Publications 
of many kindred societies in Qreat Britain and abroad ; but 
in consequence of the very limited q)ace available in the 
present rooms, it is impossible that they can all be avoUable 
for the use of the members. Your Council regret having 
been so far unauccesful in overcoming this difficulty, but 
endeavours are being made to provide increased conveniences. 

It is with considerable pleasure that your Council is able 
to announce that the authorities of The Owens College have 
opened the Geological Museum in accordance with the 
Articles of Agreement, by which they became possessed oS 
this Society's collection, and respecting which, they were in 
correspondence at this time last year. 
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The advantages thus obtained will be best seen by 
insertiiig the following extract from the " Calendar of The 
Owens College " for the Session 1878-9 :— 

"THE MANCHESrBa MTISECU, OWENS COLLEaE. 

" Curator, W. Boib Dawdks, M.A., F.R.S., F.G.S., F.S.A. 

" The Museum contains, in addition to a small typical 
Collection previously the property of the College, the entire 
Collections of the Manchester Natural History Society and 
of the Manchester Qeological Society, which those Societies 
transferred to the College on its removal to the new buildings 
in Oxford Hoad ; and also the complete Hineralogical and 
Metallurgical Collections of the late David Forbes, Esq., 
F.R.S., arranged and classified by him. The Natural 
History Collections are temporarily arranged, together with 
the College Collection, in the upper story of the new 
building in Oxford B,oad. 

" The Zoological series is arranged for the use of students 
according to Professor Huxley's classification. There is a 
small Osteological collection, and the most important 
zocdogical points are noted for the use of students in a M.8. 
book kept in the Museum. 

" The Geological collections are fully arranged, the charac- 
teristic fossils being distinguished by mounts or labels of a 
red colour. The rock specimens and groups of volcanic 
products and minerals are placed in illustration of the most 
important books in each line of inquiry. 

"Students of the College are admitted to the Museum on 
any day during College hours, on presenting a card which 
they can obtain from a Professor or Lecturer, and on 
signing their names each time in the Attendance Book. 

" Text-books for each subject are kept in the Museum for 
reference, and the stud^its will be assisted iu their study of 
the specimens. 
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" Tbe Qeutogical coUectiooa are open to the PaUio free on 
Toesdays, ThoradaTe, and Satardays, from 10 a.m. to 4 p.tii., 
and on Saturday evenings &om 6-30 to 9 pjn. They are 
further open to students on Wednesdaya and Fridays, from 
10 a-m. to 4 p.m., and on Friday evenings, from 6-30 to 
p.ni. 

" The Miueom is cloaed during the month of Angnst, and 
from tlie 23rd December to the 2ad January inclaaiTe. 
Admieaon free and without ticket. 

"Students and Yisitors will be required to sign their 
names in a book on each visit, except in special oases to be 
detenmoed by the Curator. 

" The persons who wero lately Governors of the Man- 
chester Natural History Society, and the members of the 
Manchester Geological Society for the time being, have free 
access to the Moseum for themselves and their friends on 
each week day (Friday excepted). 

" The admission of the Public to the Zoological Museum 
is necesaarily suspended until adequate accommodation is 
provided." 

In accordance with a motion put and carried at one of the 
concluding meetings of the preceding session, the Hon. 
Secretaries issued a circular to the members requesting them 
to state the day and hour which would be most convenioit 
for the holding of the Society's meetings, the result being a 
large majority, of those who replied, in favour of the present 
arrangement. 

It is with feelings of sorrow that your Councfl have to 
announce the loss by death, during the Session, of the 
following esteemed and well-known members : Mr. Thomas 
Liyesty, who since the foundation of the Society has been 
connected with it, as well as a frequent attendant at the 
meetings, and Mr. John Cross, of Wigan, — Ordinary KoQ- 
bers, and Mr. John Thomas Woodhonse, F.G.a, M.In8t.0.E., 
Honorary Member. 
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THE F0LL0"W1NG PAPERS AND COMMUNICATIONS 

HAYE BEEN BROTJGHT BEFORE THE ORDINARY 

MEETINGS DURING THE SESSION. 

1877. 
October. Dawkins, W. Boyd, F.R.8., "On the Antiquity of 

NoTomber. Kinatian, G, H., M.R.I.A., " On ftuartzyte (Quartz- 
Schist), Quartz-Rock (Gresaeu)." 
December. Dickinson, Joaeph, P.G.8., (President), " On the Davy 
Lamp and Blasting in Mines." 
Johnson, "W. H., " On the Resources and Future 
Development of the Coal Fields of Europe." 
1878. 
January. Pebbles from the Coal. 

Hull, Edward, F.E.8., "On the Oeenirenoe of Brine 

in the New Red Sandstone Strata at "Warrington." 

Demmler, A., " On Boring Shafts, &o., in "WeBtpbaHa." 

February. Evans, T. F., " On the Mines of' the Parys Mountain, 

Anglesea." 
March. The Spontaneous Combustion of CoaL 

Discussion on Mr. Evans's Paper "On the Parys 

Mountain Mines." 
De Ranee, C. E., F.G.8., "On the Palteozoic and 
Secondary Rocks of England, as a source of "Water 
Supply for Towns and Districts." 
April. Discussion on Mr. De Ranee's Paper, read at the 

previous Meeting. 
Grimshaw, W. J., F.G.8., "On Sinking of Surface, 
owing to Worldng of Coal Mines." 
May. "Waters, A. "W., F.G.S., "Remarks on some Fenes- 

tellidae." 
Waters, A. "W., F.G.S., " On Bryozoa (Polyzoa) from 

the Pliocene of Bruccoli (Sicily). 
Sutherland, Alexander, "On Lighting Shots in Mines." 
Letter from Major Ford. 
June. Letter from Mr, E. "W. Binney, F.R.8. 

"Wild, George, " On Explosions in Mines." 
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The Beport and BKlancs Bheet wars naaiuinoiiBly adopted 
and ordered to be printed. 

The foUowing gentlemen vera then proposed and seconded, 
and declared duly elected as OfBcers and Members of tb« 
Council for the ensuing year: — 

JOHN EDWAED FORBES, F.G.8. 

Vi((-|!nttl»iitB ! 

THOMAS BROOKS. 

fi. D. DABBI8HIEE, F.a.S. 

RioHT Hon. Thb EAEL OF DERBY, K.G. 

8ia TJ. J. KAT- SHUTTLE WORTH, Bam., M.P. 

ftE-®ffiaa Skt-^zctS>tTdi : 



JAMES HEYWOOD, F.R, 
G. W. ORMEROD, F.G.8. 
E. W. BIHNET, F.R.S. 
JOSEPH DICKHTSON, F.G.S. 
AMDBEW KS0W1E8. 



G. C. GEEENWELL, F.G.S. 
JOHN AITKEN. 
JOHN KNOWLES, M.Inst.C.E. 
THOMAS E3JOWLE8, M.P. 
W. BOTD HAWKINS, F.R.S. 



B. CLIFFORD SMITH, F.G.S. 

Citaunn : 

HENRY MERE ORMEROD. F.G.S. 

Stattmtt : 

■■ MARTIN, F.G.S. | W. J. GRIMSHAW, F.G.S. 

9i^a ^imlrtii of i^t Cmmdl : 

EDWARD PILKINGTON. 
J. F. SEDDON. 
W. SMETHUR8T, F.G.S. 
PETER SPENCE, F.G.S. 
A. W. WATERS, F.G.S. 
GEORGE WILD. 



W. H. CHADWICK. 
RALPH FLETCHER, Junr. 
Q. C. GREENWELL, Junr. 
JOHN HIGSON, F.G.S. 
CHARLES HARDWICK. 
PETER PICKUP, F.G.S. 



^ttbitan: 
JOHN HEELI8. | CLEGG LITESEY. 
In acknowledging a vote of thanks to him as retiring Presi- 
dent, Mr. Dietinson said that he felt a warm interest in the 
Society, and that he not only considered it a pleasure to aid it, 
bnt that he was also furthering his public dnty by so doing. 



NEW ORDIKAEY MEMBERS. 



Adamson, D., ¥.03. 
Artliur, David. 
Atherton, James. 
Cooke, Charles. 
Cowbum, Hffliry. 
Eyenfl, T. F. 
Jackson, Lewis. 
Lirese7, Thomas, Junr. 
Ogden, Samuel. 



Peace, Maakell W., F.G.S. 
Robins, Oeorge. 
Shuttleworth, Sir IT. J, Kay, 

Bart., M.P. . 
Smallshaw James. 
Smith, Richard. 
Wheeler, Harold George. 
Wild, Joseph. 



NEW HONORARY MEMBER. 



0. E. De Ranee, r.G.B. 



MEMBERS DECEASED. 



John Cross. 
Thomas Livesey. 
John Thomas Woodhouse, F.G.S., Hon. Member. 



' Ordinary Members. 



MEMBERS RESIGNED. 

A. A. Diggle. 1 W. H. Johnson, B.So. 

R. A. Eskrigge, F.O.S. . | Eay £nowIes. 
Joseph Thomson, F.G.S. 
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LIST OF MEMBERS. 

fToTSKBER, 1878. 



The N&mM of Honorary Me^tbon ue printed in ItaU»t. 
• Membars who hare componiuled for the Anniul SnbwoiptioiL 



Adamson, Daniel, F.Q.B., The Towers, Didsbiuy. 
AffouiB, Alexander, Gambiidgo, Maseachuasetts, U.S.A. 
Aitken, John, Sandfield, TTmiaton. Ex-Prteidenl. 
Alcock, Thomas, H.D., Oak Field, Aehtoa-on-MerBej'. 
Arthur, David, Baxenden CoUierieB, near Aocringtoii. 
Aahvorth, Edvard,8t«ggHillB,Wat«r{i>ot,nearUiin<iIieiter. 
Ashtrortb, James, 56, Upper Duke Street, Soutbport. 
Aehirorth, John, Bose Hill, Turton, neat Bolton. 
Atheiton, James, 16, Acnsfield, Bolton. 

Bamford, J. B., Mining Engineer, Bochdale. 

Bangay, Dr. Bichaid, Cheadle, Cheshire. 

BamcB, E, J,, Birley Collieries, near Sheffield. 

Barrett, W. S., New HaU, 41, Old Hall Street, Liverpool. 

Bftzley, Sir Thomas, Bart., M.P., Byfoid I^k, Stow-on- 
the-Wold, Gloucestershire. 

Beswick, James, Little Hulton, near Bolton. 

Beawicke, 'William, Balgay Tenaoe, Soohdsle. 

Binney, E."W., F.E.8., F.G.8., 55, Peter Street, Man- 
chester. Bc-Pr»*idmt. 

Bolton, H. H., Newchorch, near Manchester. 

Brotek, Enwt Vanden, 124, Bue Terre Nenve, SmraellB. 

Srmgniart, Charles, Museum d'Histoire Katnrelle, 67, £ue 
Cuvier, Paris. 

Brooks, Thomas, Crawshaw HaU, Bawtenstall. 

Bryham, William, Eose Bridge Colliery, Wigan. 

•Buocleuch, Hia Oraoe the Duke of, Whitahall Gardens, 
London, S.W. 
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BnnowB, Abraham, Atherton OoUieriea, near Maneheater. 
Byrom, W. A., F.G.8., 31, King Street, Wigan. 

Chadwick,W. H., Bank OoUieriea, Little Hulton, Bolton. 
Clayton Abel, 11, Chapel Walka, Manchester. 
Cooke, Charles, Moaton Colliery, Failsworth. 
•Coulthard, J. Boas, F.E.8.L,, Croft Honae, Ashton-tiudet- 

Lyne. 
Cowbum, Henry, West Leigh, near Manchester. 
Crofton, Rev. A., M.A., The Parsonage, Beddish Green, 

Stockport. 
Cross, John, 76, Croaa Street, Manchester. 
Crowther, Samuel, Bradford Estate Offlcea, Bolton. 
Cunliffe, P. Or., The Elms, Handforth, near Mancheater. 

Darbishire, E. D., B.A., F.G.9., 26, George Street, Man- 
cheater. 

Dawkins, Professor W. Boyd, M.A., P.E.S., The Owens 
College, Manchester. Ex-Prmdent. 

Dt Strnw, C.R, F.G.S., Geological Survey, Jermyn Street, 
London, S.W. 

•Derby, The Eight Hon, the Earl of, Knowsley. 

Deny, Joa, Sneyd Colliery, Borelein. 

Dickinson, Joseph, F.G.8.- H.M. Lispeotor of Mines, 
South Bank, Pendleton. Ex-Prmdmt, 

Diggle, James, West Leigh CoUieries, Leigh. 

Edmondson, Thomas, Cliriger OoUieriea, near Burnley. 
Egerton, The Hon. Algernon, M.P., Woraley Hail, near 

Manchester. 
•Egerton, Sir Philip de Malpas Grey, Bart., M.P., F.E.S., 

Dulton Park, Tarporley. Ex-PtMid«nt. 
EnthUton, T. W., The Cedars, Methley, Leeds. 
Enni»Mlm Sari of, F.B.S., Florence Court, Fermanagh. 
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EraiiB, T. F., H.U. Inspector of MineB, Amlwch, Angleaea. 
EnuiB, Walter, Longsight, Oldham. 

Fairer, James, 12, Market Street, Bury. 
Fletcher, Herhert, The HollinB, Bolton. 
Fleteher, Halph, jun., Atherton Collieries, near Manchester. 
Fletcher, Thomas, Hanlgh, Bolton. 
Forbes, John Edward, F.G.S., 2, Shruhland View, Hoole, 
Chester. Prttidrnt. 

Gaiforth, W. E., Lord's Field Colliery, Ashton-under-Lyne. 

Geikit, Archibald, LL.D., F.R.8., Bamsay Lodge, Edin- 
burgh. 

Gerard, Lord, of Bryn, Garswood, N ewtoE-le-WillowH. 

Gibroy, George, M. Inst. C.E., Hindley Hall, Wigan. 

Goodwin, George, Broomstair Colliery, Centeu. 

Greg, Robert PhiUipa, F.G.8., Coles Park, Buntingford, 
Herb. 

GreenweU, G. C, F.G.8., 8, Prior Terrace, Tynemouth, 
He-Prttidmt. 

GreenweU, G, C, junr., Poynton, near Stockport. 

Grimahaw, W, J., F.G.8., Stand, "Whit^eW, near Man- 
chester. Hon. Seeretary. 

Gnmdy, H. T., Eadcliffe. 

Grundy, Joseph, Badcliffe. 

Hadfield, George, 24, Fountain Street, Manchester. 
Hall, John, Balderstone, "Walmersley. 
Hall, Robert, Hope Foundry, Bury. 
Handsley, Robert, Bnmley Colliery Offices, Burnley. 
HarbotUe, W. H., Orrell Colliery, near "Wigan. 
Hardwiok, C, 72, Talbot Street, Moss Side, Manchester. 
HmoUni, B. W., F.G.S., Century Club, Eaat 15th Street, 
Hew York, U.S.A. 
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Mawhhaw, Sir Joha, Knight, P.R.B., 3S, Great Owrge 

Street, "WeBtminster, S.W. 
Harden, F. V., State Geologist, 'Waaluiigton, U.S.A. 
HeeliB, John, 37, Cross Street, Kancheater. 
Hetherington, Joseph, 22, Booth Street, Manchester. 
Hewlett, W. H., Wigan Coal and Iron Co., Wigan. 
'HeywDod, James, F.E.S., F.G.S., 26, Kensington Palace 

Gardens, London, W. ^c-Pniidmt. 
Heywood, Oliver, ClaremoDt, Pendleton. 
Higson, John, F.O.S., 18, Booth Street, Uanchester. 
Holding, William, Brinsop Hall, Westhoughton, Bolton. 
Hull, ProfMtor Edward, M.A., F.E.8., 5, Eaglan Road, 

Dnhlin. 

Jackson, J., 5, "Wood Street, Bolton. 

Jackson, Levis, Bocher Colliery, Ashton-nnder-Lyne. 

JoUing,'Jolm, Baroroft Hall, diviger, Burnley. 

Johnson, J. H., F.G.8., 64, Albert Road, Hesketh Park, 

Southport. 
•Joule, J. P., L.L.D., F.R.S., 12, Waidle Road, Sale. 

Knowles, Andrew, High Bank, Pendlebnry. Ex-Prt»idiA. 
Knowles, John, Westwood, Pendlehnry. JBx-Pra^mt. 
Enowles, Lees, Westwood, Pendlebuiy, 
Knowles, Thomas, M.P., Danihall Hall, Winsford, Cheshire. 
Ex-PTmin.t. 

Lancaster, John, F.G.8., Bilton Grange, Bnghy. 
*Litler, H. William, Wallerscote, Leamington. 
Livesey, Clegg, Bredbniy Colliery, near Stockport. 
Liresey, Thomas, Hitherlow, Bomiley, near Stockport. 
Lord, James, Hill House, Rochdale. 
Lynde, J. G,, F.G.S,, Town Hall, Uanohester. 
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Martin, Joseph, 8., F.O.S., H. H. Inspector of Kines, Park 

Tillas, Prestwicb. Bon. Seeretary. 
Hoore, Alfred, C. E., 5, Clarence Stxeet, HanoheBter. 
Morton, Ckarlei, The Orange, Soathpoit. 
Morion, 0. H., F.G.S., I'i2, London Eoad, Liverpool. 
S^oll, Simon, If ewbold, Bochdale. 
Nelson, William, Leigh, near Manchester. 
Neabitt, George, CHuna Buildings, St. Aim's Street, ICan- 

chester. 
Nuttall, Thomas, Colliery Siirreyor, fiiuy. 
Ogdeu, Samael, Wemeth Hoose, Oldham. 

Ormerod, 6. W., M.A., F.G.8., Woodway, Teignmontti. 
Ormerod, H. U., F.ti.S., 5, Clarence Street, Kancheeter. 
Oiomi, Profettor Riekard, D.O.L., F.B.8., &o., BritLdi 
Muaenm, London, W.C. 

Part, James, Fem Hill, Bnry. 

Peace, George, Monton GroTe, Ecales. 

Peace, Haskell W., F.G.S., Wigan. 

Penman, J. Hugh, 2, Clarenco Buildings, Booth Street, 

Kanchester. 
Pennington, Eooke, F.Q.S., 20, Mawdsley Street, Bolton. 
Perrin, J. Beswick, F.K. and Q.C.P., F.L.8., fto., The 

Homestead, Leigh, near ManoheBt«r. 
Pickup, Pet«r, F.G.S., Towneley Colliery, Burnley. 
Pickup, Peter 'Wright, Dunkenhalgh Collieries, Church, 

near Accrington. 
Pilkington, Alfred, Clifton Collieries, near Manchester. 
Pilkington, Edward, Clifton Collieries, near Manchester. 
Place, "W. H., Hoddleston Collieries, Darwen. 
Plant, John, F.G.S., Boyal Museum, Peel Park, Salford. 

1867 Baddifte, James, Lord's Field Colliery, Ashton-under-Lyne. 
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Badcliffe, Kchard, Preston New Boad, Blackbom. 
Ramtay, Frofumir A. C, LL.D., P.R.S., &c., 15, Cromwell 

Crescent, South Kensiiigtoii, 8.W. 
Bidyard, John, "Walkden, Bolton. 
Kobinii, George, Aehton, near Newton-le-WillowB. 

Seddon, J. F., Great Harwood CoUierieB, Accrington. 

Selby, Atherton, Mining Engineer, Leigh, near Uanchester. 

Shuttleworth, Sir TJghtred J. Kay-, Bart., M.P., Qawthorpe 
HaU, Burnley. 

Smallshaw, James, West Leigh, near Manchester. 

Smethurrt, William, F.G.8., Garswood HaU Colliery, 
Ashton, near Wigan. 

•Smith, E. Clifforf, F.G.S., Parkfield, Swinton, near Man- 
chester. Ex-Pretident. 

Smith, G. Fereday, M.A., F.Q.S., Grovehurrt, Tunbridge 
Wells. 

Smith, Bichaxd, Bower Collieiy, Hollinwood, Manchester. 

Sopwith, Arthur, F.G.S., Cannock Chase Collieries, Walsall. 

Sopwith, Thomas, M.A., F.R.8., F.G.S., 103, Victoria 
Street, Westminster, 8.W. 

Spence, Peter, F.C.S., Erlingten House, Seymonr Grove, 
Old Trafford. 

Statter, Thomas, Stand HaU, Bury. 

Stfiphens, James Henry, Leigh, near Manchester. 

Tomlinson, Thomas, 3, Bichmond Terrace, Whitehall, 
London, 8.W. 

Tonge, James, Woodbine House, Westhoughton, near 
Bolton. 

Topping, Walter, Ashton, near Wigan. 

•TrafEoid, Sir Humphrey De Bart., Trafford Park, Man- 
chester, 

Unsworth, John, Soot Lajie Collieries, near Wigan, 
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1877 
1877 
1862 
1862 
1877 
1874 
1877 
1877 



1876 
1876 



Waddington, Heniy, Burnley Collieries, Burnley. 

Waddiitgtou, John, Burnley Collieries, Bunilej. 

Wadham, Edward, Millwood, Delton-tn-FumeBs. 

♦Walsh, Eli, Over Darwen. 

Walton, James F., Pern Lea, B^wtenBtall. 

Waters, A. W., F.G.8., Woodbrook, Alderley Edge. 

West, T. E., 65, Wemeth Hall Road, Oldham. 

Wheeler, Harold George, Cocke3Tnoor Colliery, Badcliffe. 

Whipp, Thomas, Hawthorn Yillaa, Preatwich. 

Wild, George, Bardsley Colliery, Ashtou-under-Lyne. 

Wild, John, Glodwict, Oldham. 

wad, Joseph, Smithfold Colliery, Little Hulton, Bolton. 

Wild, Samuel, Bean House, Buersill, Rochdale. 

Winstanley, Robert, Lancaster Arenue, Manchester. 

Woodward, H. A., Clifton, near Manchester. 

Yates, T. M., Park Hall Colliery, Horwich Junction, near 
Bolton. 
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PAST PEE8IDENTS OF THE SOCIETY. 



Ymt ol 




1838-9-40 


EgortoD, The Et. Hon. FranciB, M.P 




1841-2-3 


Heywood, James, F.R.S., F.G.S. 




1843-4-5 


Egerton, Sir PhJUp de Malpas Grey- 


Bart., M.P. 


1845-6-7 


Mosley, Sir Oawald, Bart. 




1847-8-9 


Thicknewe, Ealpt, M.P., Wigan. 




1849-SO-l 


Heywood, James, M.P., F.E.S. 




1851-2-3 


Black, JamcB, M.D., F.G.S. 




1853-4-6 


Ormerod, G. W., M.A., F.G.S. 




1855-6-7 


Egerton, Sii Philip de Ualpas Orey- 


Bart., F.G.S. 


1857-8-9 


Binney, E. W., F.E.S., F.G.S. 




1869-60-1 


Kay-ShutUeworth, Sir J. P., Bart., 


tt.P. 


1861-2-3 


Dickinson, Joseph, F.G.S. 




1863-4-5 


Knowlea, Andrew. 




1865-6-7 


Binney, E. "W., F.R.S., F.G.S. 




1867-8-9 


Gteenwell, G. C, F.G.S. 




1869-70-1 


Aitken, John, F.G.S. 




1871-2-3 


Kjiowles, John, M. Inst. C.E. 




1873-4 


Kjiowles, Thomas, M.P. 




1874-6 


Hawkins, Professor W. Boyd, F.R.8. 


F.G.S. 


1875-6 


Smith, B. Clifford, F.G.S. 




1876-7 


Dawkins, Professor "W. Boyd, F.B.B 


F.G.S. 


1877-8 


DickinBon, Joseph, F.G.S. 
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PRESENTATIONS TO THE LIBRART, 1877-78. 

Barrow NaturalistB' Field Club. — Transactions. Yol. \, 2. 187S-8. 
Belfast Natural History and Phjloaophical Society. — Proceeding!. 

1876-7. From the Society. 
Bristol Naturalist* Society. — Proceedings, Vol.2. Parti. 1877-8. 
Cornwall and Devon. — Reports and ProceediiLgB of tlie Hinen' 

Association. 1871-2-3-4-5, and 7. 
ComwaU. — Hoyal Institution Journal. No, 19. 1877. 
Qeological and Polytechnic Society of the West Riding of Tork- 

shire. — Proceedings, Part 4. 1877. From the Society. 
Glasgow Geological Society. — Transactions. Tol. 5. Part 2. 1877. 
Glasgow Natural History Society, — Proceedings. Tol. 3. Parts 3 

and 3. 1877. From the Society. 
Ireland. — Journal of the Royal Geological Society. Tol. 3. 

Parts 2, 3, 4. 1877-8. 
Leeds PhiloBophioal and Literary Society.— Address by the Arch- 
bishop of York, 1877. From the Council. 
Leicester Literary and Philosophical Society. — Tnmsaotionfl. 1845 
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Liverpool Geological Society. — Proceedings. Part 3. YoL 3. 

1877. From the Society, 
London Geological Society. — Quarterly Journal. Nos. 132 to 136, 

and Abstraete of Proceedings for the Session 1877-8. From 

the Society. 
London Geologists' Association. —Proceedings. Nos. 3, 4, fi, 6. 

Yol. 5. 1877-8. Annual Report, 1877. From the CounciL 
]£dland Institate of Engineers.— Complete Set of Transactiona to 

October, 1878. Parts 1-45. 
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Science added to the Baddifie Lilsary, in 1877. Per Br. H. 
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and Yol. VIIX. Parts 1-8. Nos. 64-88. 
Btmih Stafiordshire and East Worcestershire Institute of T*fini'ng 

Engineers. — Tranaactions. N.S. YoL 1, 2. 1875-6. 
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Dawkins, W. B., F.R.S.— Record of the Sub-Wealden Exploration. 
De Ranoe, C.E., F.G.8. — Superficial Geology of the Conntxy ad- 
joining the Coasts of S.E. Lancashire. 1877. 
Dickinson, Joseph, F.O.S. — Report on the Home Farm Innndatiion 

in June, 1877. 

B«port on the Blantyre Explosion in October, 1877, with 
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Lancashire, for 1877, by J. Dickinson, H. M. Inspector of 
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Harrison, W. J. — Geology of Leicestershire and Rutland. 1877. 
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Chester Society of Natural Science, 1877-8. 
Devon and Exeter Free Library, 1877-8. 
Dundee Free Library, 1877. 
Geologists' Association, 1877. 

Leeds Naturalista' Club and Scientific Association, 1876-7-8. 
Manche8t«r Scientific Students' Association, 1877. 
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Boyal Institution of Comirall, 1678. 
Salford Boyal Mtueum, Libraiy, and Parks, 1876>T. 
Warwiotahire Natural Hiatory- Society, 1878. 
Warwickshire Katotalists' Field Clnb, 1877. 



A.gassiz, Alexander. — Uusetun of ComparatiTe Zoology, Cambridge, 
U.S. A. 

Bulletin. ToIb. 4, S, and Nos. 1-6. Vol. 6. 
Chamberlain,T.C.— Geology of ■Wiaconaiii. Survey 1873-7. VoL 11. 
Cones, Elliott. — Fur Bearing Animals, 1877. 
Connecticut Academy. — Transactiona. ToL S. Part 2. Vol. 4. 

Parti. 
Hayden, F. V. — Bibliogiaphy of NorA American Invertebrate 
Paleontology. 1878. 

Bulletin of the IT. 9. Survey of the Territories. Vol. 7. 
1878. 

BuUetinof the U.S. Entomological Commisaion. lUuatra- 
tions of Cretaceous and Tertiary Plants. 1878. 

Bulletin of the IT. S. Geological and Geographical Surv^. 
1874-5, 1875-6, 1876-7. 

Ninth Annual Report, 1875. 
Preliminary Keport of the Field "Work in 1877. 
Hap, showing the Triangulations of 1877. 
Geological and Geographical Survey of Colorado. 
Belwyn, A. R. C, F.G.S.— Geolopcal Survey ol Canada. Report 

of Progress for 1877. 
Smithsonian Institution, U.S.A. — Annual Report for 1876. From 

the Council. 
TTansactions of the American Institute of Hining Engineers. 
Vol. 6. 1876-7. From the Council. 



Catalogue of the Free Public Library, Sydney, New Sonth Wales. 

From the Royal Society, Sydney, S.8.W. 
Jonmal and Proceedings of lie Royal Society of New South Wales. 

Vol. 10. 1876. 
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Progrefls and Besonrces ot ^ew Soatb WbIcs. 

Beport of tlie Mimng Department of Sew Boath "WaleB. 1876. 

The Climate of ITew South Wales. 

Canadian Jomnal. Tel. XT. TSoa. 1, 2, 3, 4, 1, and 8. 1676-8. 



8oci4t4 Malaoologique de Belgiqne. Annalee. Tome XI, 1876. 
From the Society. 

Proc4a-Verbaax des SSanees. Tome VI. 1877. Pp. 

K. Accadamica dei LinceL Tranauntis. Yol. II. Fasc. 4-6. 

1877-8. 
Societfk ToBcana di Scienze Natuiali. Atti. Tol. III. Fasc. 1. 

1877. From the Society. ■ 
Broeck, Ernest Vandea. — Sur I'alteration deBroches quatemaiies 

des environs de Paris par les Agents AtmoBph4riqne8. 
Brongniart, Charles. — Snr la decouverte d'un Orthopt^re Coureur 

de la famille des Fhasmiens dans les Terrains Supra-Houilleis 

de Commentry (Allier). (Protophasma Dumaaii.) 

Sar im Ifouveau Genre d'orthopt^re FoBsile de la famille 

des Phaemiem dans les Terrains Supra-Houillera de Com- 
mentry (Allier). {Protophasma Dumasii.) 
Bulletin Society Taudoise des Sciences Naturelles. — Sur Quelques 

Dipterea Tertiaires. Vol. XIV. Nos. 79, 80. 1877-8. From 

the Society. 
Boci4t4 GSologique dn Nord. Lille. Anuales. Tome TV. 1877. 

From the Society. 
Verein ffir Erdkunde zu Halle, '/S., Mittheilungen. 1878. 

From the Society. 
Naturwissenschcftlichen Gesellschaft lais in Dresden. — Sitznnga- 

berichte. Parts 7-12. 1877. From the Society. 
IfaturfoiBcheiiden GesellBchaft zu Leipzig. — Sitzungaberichte. 

J'ahr:;^g4. Parts 2-10. 1877. From the Society. 
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BOOKS PrUCHASED, 1877-8. 
Geological magazme. 1878. 
Geological Becord for 1876. 
Geology of the Country aroimd Blackpool, Poiilton, (md;Fleet> 

wood ; also the Geology around Southport, and between 

Liverpool and Soutliport. By C. E. Be Bance, F.G.8. 
Uining Machinery. By G. G. Andre. 2 toIs., ryl. 1877-8. 
Mont Blanc. E. T. Le Due. 8vo. 1877. 
Falceontographical Society. — Monograph. Vol. 32. 1878. 
Voyage of the " ChaUenger : " The Atlantic. Sir C. W. Thonwon. 

2 Tola., 8to. 1877. 
Weat Yorkshire. By Daviee and Leea. 8to. 1878. 
Zeitschrift fiir, daa Bei^. Hatten und SaUnen-Weaen. Faits 

2, 3, 4, Vol. XXIV., 1876. Parto 1-6, Vol. XXV., 1877. 

Parta 1-4, Vol. XXVI, 1878. 
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Bamiley Midland Institute of Mining Engineers. 
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Srittoi .*. . Ifatu.^L.-' SmmI^. 
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Institute of Mining Engineers. 

JSxettr Albert Hemorial Mnsenm. 

ZiMdt Geological and Folytechnic Society. 

FhiloBopbical and Literary Society. 
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ZKwrpoo/ Geological Society. 
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Oxford Bodleian Library. 
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Sioanaea South Wales Inatitate of Engineers. 

SVvro Miners' Association of Cornwall and Devon. 

Warwiel Ifatural History Society. 

Wat/ard Natural History Society. 

Wigan Free Library. 

Mining School., 

II. — ScoiLAini. 
SdiniurffA Geological Society. 

Boyal Society. 

Boyal Physical Society. 

Advocates Library. 
SttUffow Geological Society. 

Natural History Society. 
DwuCm Free Litorary and Mnsenm. 

III. — Ibxlajii). 
DuUin Boyal Dublin Society. 

Boyal Geological Society of Ireland. 

Trinity College Library. 
Stlfatt Natural Histoiy SocSely. * 
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Calcutla Geological Survey of India. 

Chriitimtia .... Boyal UniTeraity of Norway. 
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!R)remo Canadian Institute. 

AHaty, UiS. . . Yerplanck Colvin. 

Sotton, U.S. . , Free Library. 
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IfBTherry, F.G.8.) 
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JVmd Hmtn, U.S. PivfesBor O. C. Harsh, F.G.S. 
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Boyal Society of IS. S. Wales. 
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Owloffteal Magatine, Gtologteai StetrS, QttarUrly Journal of 
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TRANSACTIO 




MANCHESTER GEOLOGICAL SOI^IETY. 



Pam n. Toi. XT. 

Aji Ordinary Mbbting of the Members of the Society 
was held on Tuesday, the 26th November, in the Literary 
and Philosophical Society's E.oomB, George Street, Man- 
chester; 

John Edward Forbkb, F.G.S., President, 
in the Chair. 

The Pbbsident, before proceeding to the ordinary hasi- 
nees of the meeting, said he must, in the first place, thank 
the members for the honor they had done him in electing 
him President of the Society for the coming session. He 
regretted, on accomit of long illness, he was tinable to con- 
tinue the office as an Hon. Secretary of the Society, whose 
duties it had heen his pleasure to assist in for many years 
past; but, in the coming year, he hoped, with renewed 
henlth, to take that position which had been awarded him. 



Messrs. Thomas Ashworth, Mining Engineer, 40, Lancaster 
Avenue, Manchester ; Samuel Cowell Atkinson, Stand Lane 
Colliery, BadcIiSe ; W. N. Atkinson, one of Her Majesty's 
Inspectors of Mines, Chilton Moor, Fence Honses ; Thomas 
Brocklehurst, Colliery Proprietor, Dean, Bolton ; John 
S. Burrows, Atherton Collieries, near Manchester ; W. J. 
Greener, Femberton Colliery, Wigan; John Laidler Hedley, 
one of Her Majesty's Inspectors of Mines, 3, Elm Yale, 
Fairfield, IiiTerpool ; George Henry Hollingworth, Hollin- 
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wood, Dear Manchester; John Howell, Colliery Maiuger, 
A^tley, near Manchester ; Cliarles CHdlov Jackson, 
Mining Engineer, Wigan ; Sampson Maiden, Colliery Pro- 
prietor, Bridgewater Villas, Stockport ; Miles Settle, Snow 
Hill, Daroy Lever, near Bolton; and "William Henry Statter, 
Town Hall, Btuy, were elected ordinary members of the 
Society. 

GYPSUM IN THE BOTJLDER OLAT, 



The following communication was read : — 

" Manchester, October Slst, 1878. 
" Cfentlemen, 

"I beg to send you for addition to your Museum, 
should you consider it of aofficient interest, a block of 
gypsum found, with many others similar, some 18 to 22 feet 
below the surface in the excavation for foundations of the 
Southern Abutment of the Viaduct recently constructed for 
these lines at Badcliffe. 

" There may have been a cube yard of the deposit — the 
whole consisting of these nodules or blocks ; this fact 
indicating that they were transported by some agency, 
probably water, from the formation from which they became 
detached, and deposited in the boulder clay at a very early 
stage of this stratum — shale and rock being very near below. 
"Save such pieces as I secured for specimens, I believe 
the whole of what was raised was carried away by the people 
residing in the neighbourhood; and may now be seen 
(some made to show a very nice section) ornamenting the 
window sills and rockeries of the houses as far as Black Lane. 
" Tours very truly, 

" THOMAS J. inCOLLS, 

"BBsniBNT Enqinbsb. 
" The Hon. Secretaries, 

" Manchrater Geological Society." 
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Mr. Dickinson said : I think this Bpecimen, and the 
others which are alluded to, hare come from a part of the 
country which on the geological map is marked " Banks of 
sand resting on boulder clay." The fact of finding that 
specimen of gypsum near to Radcliffe would lead one to 
suppose that what is called boulder clay on the geological 
map is really the Permian marls, of which we hare some 
fine sections in the raUey of the Irk. It is next to impos- 
sible that all those blocks could have been carried from the 
Irk towards Radclifie. It seems to me undoubted that the 
direction in which all the drift has come is ia exactly the 
opposite direction — from north-west to south-east — and, if 
that be so, it seems not unlikely that a large portion of the 
geology of Prestwich — all through Heaton Park and White- 
field to BadcliSe — will have to be re-caet ; that those clays 
which have not been considered as Permian will hare to be 
80 marked; and that the immense deposits of sand and 
marl overlying that country can have come from no other 
source but either the Permian or the new red sandstone. 
In the Transactions of this Society, Yol. I.,. published many 
years ago, there is a paper, which was read by Mr. Binney, 
on the Goology of Manchester and its vicinity. In that 
paper a section is given of a boring in the township of 
Clayton, made by the late Mr. John Bradbury, according to 
which amongst the variegated marls is a bed of gypsum 
nine inches thick. The section is given as rendered by Mr. 
Bradbury, but Mr. Binney appended the following note : 
" I believe that this is merely termed gypsum from its white 
colour." At that time I don't thiuk the geology of these 
Permians was as well known as it is now. I have myself 
seen the cores taken out of a bore-hole, made by the Dia- 
mond borer, in which the deposits of gypsum are perfectly 
plain, in the township of Clayton ; and the finding of the 
blocks at Badcliffe shows that the Permian of this district 
does contain gypsum. 
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Mr. W. 3. GoiusHAw : I have a number of apecbaem 
from the same place. They are of diversified forms ; some 
are rounded, almost like brook pebbles, whilst others are 
extremely angular. I have had them tested, and there is 
no doubt as to their being gypsum. I may mention that a 
gentleman with whom I liave been in correspondence has a 
theory that these blocks have been formed through chemical 
action from some deposit in the clay. He does not beUere, 
considering the diversified forms of these boulders, tliat 
they have been deposited in aitu from any great distance. 

Mr. Dickinson then took the chair, the President being 
obliged to leave. 



TIMBERING m MINES. 
By W. J. Qeimshaw, P.G.S. 



The subject ie one regarding which, but little is to be said 
that is not generally known. However, a few notes, roughly 
jotted down may be of use occasionally, being brief and 
simply referring to one general subject. In most instances, 
pit-head frames aro made of timber, so we may safely take 
as a starting point the material of which they aro con- 
structed, noting the modp of fitting them together. 

FiT-HBAD Eraues, 
The timber generally used is memel or pitch pine — clean, 
free from knots, and sap. Fitch pine seems to be the best, 
for on several occasions which have come under the writer's 
notice, where mixed timber had been used in the construc- 
tion of a headgear, the red or white deal had to be ronewed 
while the pitch pine pieces were perfectly sound. The 
resinous natoro of pitch pine enables it to withstand a great 
amount of weathering. The strength of the timbers used is 
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a matter for caloulation. Double tenons are oertainly best, 
and joint bolts add mucli to tlie stability of the structure. 
All diagonals and trusses should be joint-bolted and beneatb 
every transverse stay a tie bolt should be put. If a head- 
gear stands upon the surface oi the ground it is advisable to 
fix the uprights and back-spurs in sills, kept apart by cross- 
pieces, but if the headgear is elevated and rests upon pillars, 
the vibration of the sills is often a disadvantage, more 
especially when it is not possible to stay them very closdly 
from below. The headgear should be entirely dear of the 
engine-house or any other buildings. 

Pdmp Rods. 
There is some considerable difference in the strength of 
rods required for "forcing"and "draw'*lifts. Fora"ram- 
pomp " of 21 in. diameter for 90 to 100 yards of a lift, the 
rods are usoally of pitch pine 14 in. square, and lengths 
as long as are possible are obtained. For a ram-pump 18 in. 
diameter rods 13 in. square are generally used, and for a 
ram-pump 14 in. diameter 10 in. square, the column being 
about 100 yards. For a bucket or draw-lift of 12 in. 
diameter, rods about 6 in. square are sufficient, care b^g 
taken to get the timber as straight balked as possible, and 
free from knots, sap, and cracks. 

Stbam Pipes m Shafts. 
A metal plate placed between the timber stays and the 
pipe is advisable, as even if the pipes are covered certain 
action results from the contact 

Bhaft Tihberino. 

Horse-trees or bearers of English oak are often used, as 

are ring pieces also. Ey shot £ring there is not the same 

danger of breaking a wood riag that there is of snapping a 

cast iron ring, as the writer has found out to his cost. 
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It is certwnly not advisable to have wooden rings in a 
furnace pit, several instances of their catching fire being on 
record. In most cases pit-guides or conductors are made of 
pitch pine, and the joint straps ought to be made of the same 
land of timber. In one case that came under the writer's 
notice the rods were of pitch pine and the joint straps of 
oak. The shaft was an upcast and the oak warped and 
twisted so much as to displace the joints of the rods, causing 
them to split up. ErentoaUy all the oak straps had to he 
taken out. In another case which came under the writer's 
notice the horse-trees to support a oolomn of 6 in. steam 
pipes in a shaft were of American oak, but it had to he 
replaced by "Rngliiih oak, as its life or durability was so 
brief. 

Undebgbouitd Timbebino. 

Two presBores req>iire to be guarded against, riz. : — 
Vertical and lateral — ^from the top and sides. Consequently 
there is great diversity in the modes of timbering, as such 
varying conditions obtain in different mines and localities. 
In turning arches at mouthings or insets, if no particular 
pressure was expected, they might be entirely built of brick. 
If a vertical weight were expected courses of timber placed , 
thus : — One on the crown and one on each side thereof, at 
about one-third of the distance between the crown and the 
springing, would probably be found to answer well. These 
courses should consist of oak blocks 3 or 6 in. thick, bevelled 
to the curve of the arch, and 9 or 14 in. deep to tie the 
rings of brickwork. If lateral pressure or thrust is expected 
the arch may be sprung from timber. Instead of cutting 
skewbacks in brick the timber may be cut skew, and if con- 
siderable lengths were put in the repairing of crushed side- 
walls might at times be considerably facilitated, 

For ordinary underground roads larch sleepers saswet 
well. In engine-brows rtmners or longitudal sUepen ef 
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pitch pine with cross or frame sleepers of larch is an arrange- 
ment that answers well when the dip ia steep. In walling 
underground engine-hooses with dressed stone, hoards of 
larch, ahout 1 in. thick, placed hetween the courses at 
interraU instead of mortar are found to prevent the break- 
ing and cracking of the stone to a considerable extent in 
case of weight coming on. 

TlUBER IN WOBSING PLACES. 

In highly inclined seams, it certainly seems best for the 
miner to have an easily handled prop, of sufficient strength 
to make hie place secure. As a rule, miners who choose 
their own timber pick the lightest and the most easily 
handled. This is very foolish in muiy oases, and is seldom 
a saving of labour, for the weak props get broken and have 
to ^be removed, taking more time &ventnally than would 
have been required to set up a sufficient prop, besides being 
a source of increased risk. Theoretically, oak props are the 
beat, but oak is so crooked as a rule, that all the advantage 
it has, considered Isimply as a timber, ia lost. It is well 
known [that there is most economy in a good supply of 
timber of the best kind and most adapted to the wants of 
the miner. Small caps are a great mistake, for we oft^i 
find that a good cap will save a sound prop. Caps onght 
not to be cut wedge-shaped ; if it be bo cut, we find that a 
prop is at its "set" before it is at right angles to the roof 
and floor of the mine. If the prop is driven up until it is 
at right angles, it is then beyond its proper " set," and conse- 
quently only supports the roof by about one-haU of the prop 
head. The most natural way of setting props Beems to be 
with the thick end on the floor, as the trees grow. They 
are often set the reverse way ; but the writer is inclined to 
think that they will support more weight, if set in the latter 
&8hion. Props set moderately close, are more easily 
ncavtxed, than when sparsely distributed. It is a mistake 
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to calculate upon aapporting tha roof for any considerable 
time upon props. Pack walls alionld be put in, or cbocks 
bnilt, and sucb props as can be spared, taken oat. In Long- 
wall workings, chocks, at the junction of roads, generally 
answermuch better than props. "Stretchers" consist of two 
props, one on the " high " and one on the " low " side, 
connected by a cross-bar, which is usually a little flattened 
at each end, where it rests upon the props or legs. Pieces 
are put on the " bars " or " stretchers " when needed, and if 
any cavity exists, small dirt is filled immediately on the 
"rioing" or "lacing" timbers, larger pieces being filled 
thereupon. If a large cavity exists above the timbering it 
is not advisable to load the bars in the centre a« heavily as 
on the sides, the centre being the weakest place. It is cer* 
tainly questionable to what extent it is advisable to load 
bars to fill up the space above. A compu^tively small fall 
of roof will break down the bare timbers, whereas the same 
fall alighting upon a layer of small dirt, might not cause 
any material damage. 

If a certain vacant space is left above the timbering of a 
road, it often affords a lodgment for gas, and it is by no 
metuis easy to ventilate such a space, or, as it is often called, 
a " lofthead," in all cases. If bars are heavily loaded, it is 
not a very easy or safe operation to r^ew the legs in case of 
necessity. The matter seems to stand thus : — 

Leave your timbers bare and a fall may break them, also 
gas may lodge above them. Pack them partially with small 
dirt and a fall would not be so likely to break them, still gas 
is more Hkely to lodge in Bach cavity as may be left. 

Pack them heavily, and you are throwing undue dead 
weight upon them, and rendering them liable to be 
iumiediately affected by any pressure, besides being more 
difficult to deal with in case of needed renewal Some 
objection may be found to every course. 
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Two kinds of coapIingB are in general nse, the notched, 
which retaina pretty nearly the whole of its strength, and 
the mortised bar and tenoned i^, in whieh there is a con- 
siderable waste of timber and weakening of carrying power. 

There is not the some stability in the notcshed conplings, 
that there is in Uie mortised, until the weight comes on. 
They are somewhat liable to cant under certain circum- 
stances, but are much more easily drawn. The mortised 
couplings are more difficult to set, but are not so eamly 
knocked out, in inclined measures. They are well adapted 
for jig brows and engine planes, and are calculated to resist 
much greater lateral pressure than are the others. For 
^feneral use the legs and couplings known as "slotted," 
are as a rule reliable, steadfast, and simple iu erection. 

We may banish theory in detaOs from our systems of 
underground timbering. Broadly accepted, theory is osefnl, 
but oontingenoiea so often arise, which need immediate 
dealing with, that no time may be spared for minute and 
ordinary calculation, which calculation, if duly performed, 
is more often likely to be wrong than right, simply because 
our knowledge of data and local ciroumBtances is defici^it 
mtirely, and unreliable altogether. 

In putting in water-dams of pitch pine, the wedges of 
pitch pine well cleaned, will be found to eater more freely 
if the joints are rubbed on a red-hot iron. 

Prebeevation op Timbbb. 

Comparatively speaking, but few instances of the usage of 
solutions, to preserre timber have come under the writer's 
observation. Still it may not be amiss to draw attention to 
a few of the most well-known processes used for that 
purpose : — The " Kyan " process consists in saturating the 
wood with a dilute solution of corrosive sublimate. " Mar- 
gery " used acetate of the sulphate of copper. Chloride of 
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lime hu alao been used. " Burnet " ased two solutions oi^ 
or £rom, Uie distillation of coal tar. If only the vapours 
from the above oils are used, it is better, as tbey fill up the 
pores of tbe wood, on their contraction after being subjected 
to heat. These pores are close, and wood " piokled" in this 
manner remains clean, and may be used for any ordinary 
purpose. Whitewash or lime- wash is said to preserre timber, 
and doubtless it does so, to some extent. 

Special Rule 40, for this district, says that " the miner 
shall secure the roof and sides of his own working place," 
and of a certainty this rule conunends itself to the common- 
sense of unprejudiced people. Who is so fit to make a place 
secure as the indiridual who is working therein P If he 
cares for his own safety he is bound to notice the varying 
states and the different indications which from time to time 
obtain in his working place. 

He ought to have the most reliable knowledge of these 
conditions, and it only seems natural that in a case where 
his own safety is concerned he should be able to look after it 
better than could anyone not so directly interested, and not 
able to observe so constantly. 

Still working-people do not look after their own safety 
and well-being, so strictly as might be wished, more 
especially towards the time of making up, or close of the 
current pay. 

Timber deputies do not seem to alter this slate of things 
materially, for though useful in certain circumstanoes, it is 
impossible that they should be everywhere at time of need. 

When deputies are employed to do tbe timbering, &e 
colliers get into the habit of trusting them too much, and 
doing too little on their own parts. The fittest man to keep 
a working place . in good order and safe is a collier who is 
used to the mine in which he works, and it will be found 
that a considerable number of accidents occur to men who 
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have changed their places from one mine to another, or vho 
are working in the same mine, under different conditions. 

The writer has known many instances in which men have 
been hurt or killed (m the first day of starting work in a 
fresh seam. People do not live for ever, and consequently 
it is utterly impossible to avoid changes. The only precau- 
tion that can be taken is to exercise somewhat stricter 
Bupervision over fresh hands ; though it is rather dificnlt to 
see how such supervision could be made more strict at 
present, bearing in mind that man is liable to error, and 
" the perfect man ezisteth not." 



Mr. Joseph Wild said that he thought it might be well 
for timbering men or daytalers to draw timber, which ia 
more dangerous than Betting it, but he agreed with Mr. 
Ghimshaw that it is the safest plan for the men to timber 
their own places. 

Mr. Dickinson said, in reference to the practice of miners 
setting the thick end of a prop upwards, that there was a 
popular notion (it might he an erroneous one) that timber 
whm set with the root end upwards was not so subject to 
decay. 

Mr. J08BPH Wild thought that it was done for the 
purpose of more easily freeing the base of the prop from 
dirt when it got blocked up. 

Mr. Dickinson said that Mr. Grimshaw mentioned a 
thing which was not always found in accordance with 
practice. In steep mines dipping say one in 3 or 3J, as we 
have them about here, it was not the practice of the men 
generally to set their pn^s vertically to the bedding of the 
Beam, nor did they set them perpendicularly, but — to pre- 
vent the weight riding down hill — they set them midway 
between the right-angle of the seam and the perpendicular. 
They would find nearly all the mines timbered so in this 
part of the coontry. 
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Mr. Smith said that fnnn his experience, props ought to 
be Bet at right angles to the inclinBtion ; it was a thing he 
had inmated on for more than 20 years. He remembered 
once going to a working place and asking an aged miner 
why he did not do bo, and after a long while he said it was 
on account of being easier to knock them out ; and that he 
thought if (K^ers were canTassed they would generally give 
the same reason. He thought every practical miner must 
have found that a prop set at right angles would bear the 
greatest weight. He beUeved that thousands of props had 
been lost and scores of places brought Ln through props not 
being set at right angles to the inclination of the seam. 

Mr. Dickinson thought there was something more than 
drawing the props which induced oolliers not to set the 
props at right angles to the inclination of the strata. They 
were so set when the men themselves did not draw the 
props. This fact must be borne in mind; gravity acts per- 
pendicularly, and if in a seam dipping one in three, the 
prop is set at right angles to it, it is not in the best position 
for resisting gravity. That was one of the point« which be 
understood was sometimes put in the examinations of 
coUiery managers and others. He hod known various 
answers given to the same question. 

Mt. Badcliffe thought that if set slock in steep measures, 
a prop ought to be left short of its set; but to be set pro- 
perly, in hi? opinion, a prop ought to be well rung up, and 
at right angles to the seam. 

Mr. Beddon agreed with the Chairman that in steep 
measures the greatest pressure from above was exeriied in a 
line half way between right angles to the inclination of the 
strata, and vertical. He had always understood the reason 
for setting timber with the thick end up to be because it 
presented a greater bearing surface to the roof. He had 
heaxA that a solution of tungstate of soda applied to timber. 
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as veil as brattice cloth, had a great effect in Tendering it 
non-inflammable. He bad been educated in the belief tbat 
only three sorta of timber sbonH be used about a colliery, 
Tiz., oak, larch, and pitch pine. 

llr. B. Fletchbr, jun., aaid he was sarprised to find on 
taking down a headgear lately at their ooUienes that the 
piteh pine of which it was constructed was as good and sound 
as when it was put up 2S years ago. It had only had one 
ooat of paint. 

Mr. DicKiNBON did not conBider the difficulties referred 
to by the writer of the paper as to dealing with large 
cavities in the roof insurmountable. If the timber was left 
cuJced they could throw the air up by means of (Meeting ; 
and if they had a thin material to prevent the timbering 
from being broken they should keep the end open, and just 
throw sufficient air over the top to prevent gas from 
accumulating. 

Mr. Seddon would be glad to hear the Chairman's views 
as to whether it was best to place a lot of packing upon the top 
o£ the bars, and cover it with debris, or leave the timbers 
open and drive air into the cavity by sheets, and so sweep 
any gas out ? 

Mr. Dickinson said there were other reasons besides those 
stated in the paper why the timbers should be covered. For 
instance, in such a place as Mr. CFrimahaw had described, 
where the roof is muoh fallen it would not be safe to leave 
the places between the couplings open because there were 
generally loose stones which would drop down on people 
passing. Therefore some stowing on the top, if even not 
stowed tight, was essential not only to guard against the 
breaking of the timber but also to prevent stones falling 
upon passers by. XJiiIbsb the place was very high it was 
oftcm best to stow it tight — stow it full, — and then there was 
no place where the gas could aooumolato. 
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Mr. R. Fletcher, jnn., aaid that Mr. GrimshsT, in hia 
opinion, very properly left the questioD opeo. It most 
necesaarily be left to circumstanoes id each case. 

A Membeh said that he had had to deal with a cavity 
edmilar to what Mr. OrimBhaw had described — 30ft. long by 
12ft. high and 4ft. wide — this he stowed full of shaTings 
and other light matter, mixed with earth, in order to render 
them harmless from fire, bnt as the mine was a damp one 
there was little or no danger from that source ; and round 
the sides he placed wood chooks to prevent the sides coming 
up to the top of the arch. It was impossible] to get the 
cavity quite full, but he had stuffed it with shavings, &c., 
OS described, in order to prevent any fall 'upon the top of 
the arch. 

Mr. Dickinson observed that in 99 cases out of 100 the 
return air of a mine would be found in a very dry state. It 
was quite exceptional to find it saturated or moist ; and the 
higher the temperature in the mine, the greater would be 
the difference between the wet and dry bulb thermometer. 
He certainly would hesitate to recommend shavings being 
put into roof cavities. 

Mr. John S. Burrowb said that, in their mines, oU 
railway metals were used instead of timber. They were 
found to stand a long time, and were very little affected by 
moisture ot dryness. They used them in the main levels. 

Mr. Dickinson said old railway metals seemed to answer 
a good purpose not only in the ooUiery with which Mr. 
Burrows was connected, bnt also in the Ladyshore and other 
collieries, where they are largely used. 

Mr. Qrimshaw, in replying, said that in " rearing mines" 
he had never, or very seldom, seen props set at right angles in 
a level, but invariably after the dip of a brow was over 30 
degrees — from 30 to 85 and 90 degrees (the latter being, of 
course, vertical), the colliers and daymen set their props 
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exactly at right angles. There was something we did 
not yet koow about minee with steep dips, the weight 
after a dip of something between 40 and 50 degrees, 
was entirely a side weight; there was no pressure at 
all on the roof, and that famished a very natural 
reason for setting the props, in such cases, at right angles. 
Iji all places driven on the dip of the strata, they would be 
Bet at right angles. In the levels, of course, they were set 
as conveniently — ^perhaps as carelessly — as props were in 
many places. Oak timber was difficult to get and had to 
nae, on account of its being so crooked and irregular ; some 
of the best timber he had ever used was pitch pine logs 
which had been charred on the outside. That timber resisted 
Tot, and acted better than any other. Scotch fir, which 
lie bad used, was found to rot. With reference to the 
question of ventilating a cavity, if a sheet is put up to throw 
the air into a long cavity in the roof of a level there would 
be considerable loss through the ricing timbers before it got 
to the far end. It was a very awkward thing to deal with. 
There are also coses where, in consequence of the floor show- 
ing a tendency to heave — if much weight was put on the 
bare there would be a danger of getting a tumble over when 
renewing either the bars or legs. It is not advisable 
to renew timber in such places without lightening the 
couplings, and that would not be done perfectly at all times 
unless under direct superintendence. The men would 
run the risk and not take the trouble to lighten them. 
With regard to the use of shavings, he bad known 
thorns, bracken, and fern to be placed on the top of an 
arch and mixed with fine ashes. These might possibly bum, 
but he had never known a case where they had taken fire. 
If small cool and other stuff with pyrit«s in it were used for 
stowing it is quite possible to get it on fire. 

Mr. DiCKiNSOH Bud that one <^ the speakers in the course 
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of the disoosnon meatumed three kinds of Tood as those 
which alone should be used in a mine. The gentleman 
referred to did not include ash. Ash was frequently used 
for chocks about 3 ft long and 6 in. square, and for that 
purpose it was an azoellent timber. 
This concluded the discussion. 



Mr. DiCEi!)aos said the disousBion on Mr. Orimshaw'B 
paper on " Sinking of Surface " was the next business 
b^ore the meeting, and that he (Mr. Dickinson) read a 
paper on the same subject before the Society in NoTomber, 
1858. It was also published in the Transactions, and 
although 20 years had elapsed since Hie paper was read 
he did not know that he had anything to add to it, 
except the following : He was talking with a Scotch col- 
league a few weeks ago who said that his attention hod 
been called to the subject in consequence of certain disputes 
in Scotland, and that from the levels which he had taken he 
found that the sinking of surfaces in a 4ft. seam was 3ft., 
so that there was about one-fourth lost in the bret^age of 
the ground ; but it was quite possible that ultimately even 
that difference would be taken up by ccoisolidatdon. Every- 
one knew that the gob in after years became so solid that 
they could not always tell that the whole seam had been 
worked oat there. There was a very good discussion upon 
his (the Chairman's) paper ; the late Mr. William Peace and 
othera took part in it, and he thought they came to a unani- 
mous conolufdon on the subject. 

Mr. Eadcliffe said that a friend of his worked a colliery 
near Glasgow — ^Longwall — at a depth of 52 yards, with a 
3ft. Sin. seam of ooal, under the river Clyde, which is from 
200 to 250 feet wide. No wat«r whatever appeared in 
the workings, and his friend told him that he should not 
be a afraid to work oat the splint cool benoath Aatagain, 
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3 Sect tliick. It seoned there wu from 17 to 18 yards 
of muddy oUy at tha bottom of the Clyde at that 
point, and below that again 13 feet of fine fire olay ; 
and it was to the preeenoe of Utat mud and cky that 
hia friend attiibated the fact that he could get the ooal 
beneath the bed of the river without risk of wat«r flowing 
in. There was no doubt in cases of that kind, where they 
had to work below water — whether rivers or reeervoir*— 
that it very much depended on the nature of the oovering. 
If tJie rocks oame to the surface he should not hesitate to say 
that water would get down into the pit, but with so large a 
covering of mod and clay as in the above case it would not 
probably do so, 

Mr, Oeobge "Wild said that at the Bardaley Colliery they 
had worked by the long wall system at 480 and S4S yards from 
the surface. 5ft. Sin. of coal had been taken out, in two seams 
(2 ft. in the upper, and 3 ft. 3 in. in the lower seam), and the 
water in the canal showed the land to have settled 3 ft, 
3 in. to 3 ft, 6 in, 

Mr. Dickinson said he had heard mining engineers 
contend, and give it in evidence, that in working at a depth 
of 500 or 600 yards it would not settle at the surface. The 
case cited by Mr. Wild was a direct refutation of that idea, 

Mr. C. Cooke said that he knew a colliery worked by 
long wall in I^forth Warwickshire something like 130 yards 
deep, it lay nearly flat, and the coal was worked both under 
the railway and the 'canal. There was a perceptible sinking 
of both, after the ooal had been worked away ; it necessitated 
the taking down and raising some of the canal bridges, the 
raising of the towing path, and also the raising of the rail- 
way line. 

Mr, Dickinson said there was also the question of the 
extent to which the pull or draw extended beyond the 
actual workings. That was a point on which great difler- 
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enoe of opinicoi ezistied. They mtusb leave • very much 
larger base of coal, to support a building, than the building 
itself. In his paper, already referred to, he laid it down 
that the natural angle of rest was that which the faults in 
level strata took. In Lanoac^ire, where they had the strata 
lying level, the faults inclined about one in three ; etai he 
believed that that was die true angle of rejt of the strata ; 
and, to have the suxfaoe supported, they should allow a base 
in that proportion. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETT. 

FastIIL Vol. XY. Szssioit 1878-9. 

An Ordinakt Mebtiko of the Members of the Society 
waa held on Tuesday, the 17th December, in the Literary 
and Philosophical Society's Booms, G«orge Street, Man- 
chester; 

John Aitken, Esq., yice-President, 
in the Chair. 

The Right Hon. The Earl of Bradford, Weeton Park, 
near Sbifual ; The Bight Hon. The Earl of Ellesmere, 
Woraley Hall, near Manchester ; Mr. Charles H. Holden, 
Sohcitor, Mawdsley Street, Bolton; Mr. Jonathan I^ong- 
botham, Mining Engineer, Norley Colliery, Wigan ; and 
Mr. Samuel Bailey Wells, 130, Bradford Street, Haulgh, 
Bolton, were elected ordinary members of the Society. 



REMARKS ON THE CHESSIL BANK. 
By W. J. Black, F.B.O.S.E. 



The Geological formations underlying the whole length 
of the Cheasil Bank are, beginning from the south-east : — 
iBt, Kimmeridge Clay ; 3nd, Ooralrag stone ; 3rd, Oxford 
Clay ; 4th, Combrash beds ; 5th, Forest Marble ; 6th, Corn- 
brash beds again ; 7th, Oxford Clay again ; 8th, Coralrag 
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The strike of the outcrops of these TariouB strata is not 
conformable to the axis of the bank anywhere, as the 
former is eaat and west and the latter north-west and south- 
east, and neither is the dip at all conformable to the slope 
or inclination of the hank, as the one looks south and north 
and the other south-west and north-east. 

It may therefore probably be inferred that the GWogical 
structure of the districts adjacent to the bank has had very 
little to do with its formation, and an inspection of the 
section perpendicularly downwards tends to confirm 1^ 
view, as the bank will be seen ronning horizontally along 
these rocks of various hardness just a certain space above 
and below meantide level. 

Between the Isle of Portland and Wyke coast lies a 
strait, across which the bank has been built like an isthmus. 
Supposing this to be removed, there would then remain a 
sea channel between Lyme Bay and Portland Bay. 

The local appearances on land give one the impression that 
there formerly did exist an estuary, or lagoon here, into 
which flowed the fresh waters of the "Wey, the Jordan, 
and the Osmington streams, and which opened into the 
sea in Lyme Bay, west of Portland. The present bank 
may thus be considered as the development of a shingle bar 
which may formerly have obstructed its entrance. 

The east and west sides of Isle of Portland consist of 
precipitous cliffs, but the north side is a slope or talus of 
detrital deposits, as is seen on the sides of an inland valley. 

Professor Prestwich has supposed that Lyme Bay was 
formerly much more filled up vrith dry land than it now is, 
and we may carry the idea further, and extend the sea bound- 
aries to the 30-fathom level, and suppose that this Portland 
river had a long course through it, and opened into the sea 
in about the same latitude as the BiU of Portland. We may 
also further suppose that the present Fleet Biver, or fleet 
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Lagoon, lyin^ between the Chesail Bank, ttoA tlie 
land, was formerly an affluent of this Portland river, 
draioing the hill eides to the north, and was now hanked up 
against the land, and arrested in its free course to the aea. 

It may also further he hazarded that the whole of St, 
Alban's Bay, from Portland to St. Alban's Head, was formerly 
ooTwed in by a high plateau of Purbeck and Portland stone 
beds, oontinuoas with those now existing at each of these 
promontories, and that inside of this lay a yalley, repre- 
sented now by 'Weymouth and Portland bays. 

The sea coast of this latter country will again he assigned 
to the 20-fathom IotoI, which extends from the Portland 
Ledges to three miles south of St. Alban's Head, and 
includes within it the banks and shoak of the Shambles, 
which still remain in testimony of denudation of land. 

There probably exists a fault under the isthmus of the 
hank, and in the bottom of Portland Bay, as the angular 
dip of the strata at Portland is one-half less than that of the 
Coral Rag Beds at Wyke, on the other side, and it has gone 
through the Kimmeridge clay on the surface, this break 
may tend to account for the disruption of the rocky strata 
that lay over the isthmus. 

The soundings in Lyme Bay are much deeper (14 
fathoms) than those in Portland Bay (7 fathoms), so that it 
is probable that this gave inclination for the original 
drainage. This is also supported by the absence of any 
rocky strata in the hollow of the isthmus, so that the Ohessil 
Bank must have been formed subsequently to the passage of 
water through the strait, when it was quite open to the 
tides. There is a similar bank of pebbles in Weymouth 
Bay, extending from the town to Jordan Cliff in a north- 
east direction tuid with its front facing south-east to the 
eea, which has evidently been constructed by the south-east 
gales blowing straight into the bay. 

Dcillizedoy Google 



The migration of these pebbles is seen to be from the 
eonth-vest to the north-east as the south sides of the Qroynes 
are heaped np bj the wind wares that drive them from the 
Bouth, Curiously there are no pebble banks in Portland 
Bay just now, but Leyland says, there was in his time 
(1500), a pebble bank or spit stretching from Wybe Point 
south-east to Portland, and that the exit of the Fleet River, 
which flowed between the two banks, existed there then. 

This bank again may be considered as a development 
of a bar tiiat formerly obstructed the mouth of the river 
Way, when it opened out into the sea further south, and 
probably was a portion of the GhessLL Bank itself driven in 
by the storm waves when the Portland Strait was open. 

The basis of tiie Chessil Bank was found on^boring by 
Sir John Coode to be blue day, but this existed only on the 
east, or Portland side of the bank, and not on the west, or 
Lyme Bay side, and the soundings in the former indicate 
mud, sand, gravel, and shells, and in the latter sand, gravel, 
and aocasionally rock, but no shingle pebbles. 

In Sir John Coode's communication to the Institute of 
Civil Engineers, May 5, 1853, (Vol 12, Proo. In. Civ. Eng., 
1852-53,) will be found a full description of the length, 
breadth, shape, size, with dimensions in feet, of tiie Chessil 
Bank, along with his views on its history and formation, and a 
most remarkable and instructive discussion therein is reported 
on it. It appears to be about 9-10 miles long; opposite 
Abbotsbury, 540 feet broad at low water, and 35*3 feet high, 
above same level, and 71'3 feet from the clay bases ; opposite 
Fleet, to be 590 feet broad at the base, 37-6 feet high, above 
low water, and 79 feet above the clay bottom ; and at 
Cfhessil Town, 600 feet broad at base, and 55-9 high, above 
low water, and 103-3 feet above foundation. The slope of 
the bank on the sea side, from top to low water, is at 
Abbotsbury 1 in 7 feet, and Portland I in 5^ feet, and at 
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low water the elope la at Abbotsbary, 1 in 11 feet ; and at 
Portland, 1 in 8 feet ; and further out in the bay beyond 2 
fethoms depth, it is 1 in 30 feet ; as far as 6 fathoms at 
Abbotsbury, and 8 fathoms at Portland. 

The bank is composed of rounded stones and oroid 
peeblee of chalk flint and ohert, these being the most 
uumerouB,'and then come those of red sandstones, porphyry, 
and jasper, the former derived from the chalk olifTs and 
valleys of Dorsetshire, at Abbotsbury, Ohidcock, Ohar- 
mouth, Lyme, Sidmouth, Salterton ; and the latter from the 
New Bed beds, scattered along the coast at Axmouth, 
Weston, Sidmouth, Otterton, and Ezmouth. 

The following are the dimensions of some pebbles collected 
from the bank and their specific graTities, ascertained by 
Br. Stevenson Macadam, of Edinburgh : — 

Stonkb. Pbbbuu. 

1. IS}— fi-fi .. wiOi lOa.bulli. 

2. 10^— C-fito6'S „ 9-8,10.3,, 

3. 8}— 1-S ,. „ 3 „ 

4. BJ— IS ,. „ 2-8 „ i. 707— *38., 2-63 „ 
6. if — 1 .. „ 2 „ 5. 732— iia .. 2.6* „ 

mean Sp. gitmtj 2-66. S. »26-~6fl8 . . 2.69 „ 

e. 3| 

Total weight of 6 gtoncs 6^ oz., total fl. oz. -water 20-3-11-2-21-6 oz.— 
msan 21 oi., total cnbic inches 30-6, arerage ipeciflo gravity 2-68 — ZSS— 
msau 2-60. 

The bank however is not entirely composed of stones and 
pebbles, but at a depth of 10-15 feet below the top surface, 
Sir John Coode found by borings sand intermixed 
which increased so much in quantity m descending 
that at 18-30 feet deep the latter was found solid and 
padded, so that the bank wtis discovered to be perfectly 
impenetrable to the tides from Lyme Bay. 

It is highly probable that the bank has grown in length 
and height, and breadth, from ancient times, as may be 
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inferred from the following qaotation from Leland, YoL 3, 
p. 66 : "As often as the wind bloweth strong at south-east^ 
BO often the sea beteth it, and loseth the bank, and breaketh 
through it, (vhioh would be impossible now altogether) bo 
that if this (south-east wind) might continually blow, then 
thia bank should soon be beaten away, and the aea fully 
enter, and divide Portland, making it on isle, aa surely and 
by it in times past hath beene. But asmuchasthe south-east 
wind doth bete, and break off this Chessill bank, so much 
more doth the north-west wind suocur, and etr^igith, and 
augmentith it." — ^Henry 8th reign ; died 1552 ; 300 years. 

Leland attributes the destructive action to the south-east 
winds and the conatructiTe action to the north-west winds, 
but Sir J. Coode considers the former action to be due to 
ground swells occasioned by or following gales from south- 
east, east and north-east, but he does not state the wind tbat 
follows the subsidence of the gale, neither is there any 
very clear description to be found, as to the course and 
direction of the surf, whether the lines of its crests are 
parallel, oblique, or at right angles to the line of beach. 

We gather, however, that the ground swells after gales 
from any quarter are destructive to the bank, clear away its 
accumulations, and scour down the front slopes, so as to 
expose the foundations of the Blue Kimmeridge Clay, and 
the spoils of the tempest are then gathered by the fishermen 
watching the recession of the water. 

On Nov. 23, 1852, a ground swell of 18 hours' duration 
removed 4,553,000 tons of Pebbles ; and it required five 
days afterwards to restore 3,553,200 tons of Shingle to the 

These ground swells should probably be interpreted as 
the back trochoidal action of the wave oscillation, as stated by 
White (in Journal, Unit. Service Instit., VoL 21, 1877, No- 
22, p. 937,) when the particles of water in the crest move in 
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the direction of tiie wave's advance, and at the hollow the 
partioles move in the backward way, or against the advance 
of the oreet or out to sea. 

It may further be stated that the securing efieot of this 
back action most be increased by the depth of the trough of 
the wave below the mean sea level, aa the particlee of water 
wonld have their momentam increased l^ a fell from the 
top of the crest of wave of several feet {6-12) to the bottom, 
and also on the trochoidal theory by the particle having below 
this line taken on centrifugal force, in addition to that of 
gravity, in the course of its revolution round its orbit of 
oscillation having its axis placed at the mean aea leveL 

Sir J. Coode again states that alow waves of seven or less 
per minute have a destructive action, and that fast waves of 
8-9 or more per minute had an accumulative action on the 
shingle of the bank, without stating that these were 
dependent on any particular wind. These actions may be 
explained by the terms proposed in my note on Boiled 
Pebbles, in the Transactions of the Qoological Society, of 
Edinburgh, for 1876, where it is shown that the next fast 
wave again strikes the pebble upwards before it has com- 
pleted its full descent down the bank, after the recession 
of the first wave. But during the action of the slow waves 
the pebble wonld have ample time to descend by gravity 
rolling it down the slope, aided by the backwadi of the 
retiring surge. 

It should always be considered that the violence of the 
wind blowing in the same direction as the advance of the 
wave win aid the accumulative action by driving the water 
and pebbles before it, but if the wind should be north-east 
or from the land, with a heavy ground swell of the sea on, 
as Leland says, then the wind will be with the backwash of the 
surf, and drive it and the pebbles down to meet the advancing 
crest, and fearful breakers would result. Sir J. Coode, who 
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was Besident Engineer of the Pordand Breakwater, says that 
the preralent vrnds with greatest wind force are those 
from Boath-west and a-half west, which agree olosdy with 
a line drawn perpendicularly to the axis of the centre of 
the length of the bank, and, therefore, points to the direct 
aotioQ of the waves created by south-weet gales and breezes 
as being the chief bnilders of the Embankment. 

The question of the origin of the Chessil Bank being still 
a matter for discussion, these remarks tend to controvert the 
theory of its formation by tidal action and currents, as 
maintained by many eminent geologists. 

Extract from a letter, — Mr. E. T. Smith, geologist, Wey- 
mouth, Dec, 1877, — about the Chessil Bank during the last 
year : — " The gales have been mostly from the Bouth-west, 
and I do not hear that the shingle has been removed more 
than at other times. What fishermen call a ground sea 
often takes away the beach, and at those times, coins, 
Spanish gold and silver, are often found in the clay and 
shingle below the beach in what they call " hard " {i.e., 
the base). I have not heard of any coins having been 
found this autunm. There have not been any wrecks on the 
beach this eeasou, but some of the m^i from the colLiBion 
of the Forest and Avaliinche were landed on there. Several 
things are often thrown up on the beach from the wreck 
of the Royal Adelaide, and I had brought to me a few days 
ago two horse shoes with iron nails, copper nails, links, shirt 
buttons, &c., mostly corroded and glued together by rust. 
Bronze celts have also been found under the beach after a 
heavy ground sea has exposed them. A heavy ground sea 
would sometimes take place in the west (or Lyme) Bay 
during the fog, without wind at all (probably easterly fog 
in the channel). 



Dcillizedoy Google 



51 

ON A TOOTH OF RHINOCEROS TICHORHINUS 

FOUND AT THE ENTRANCE TO THE PEAE 

CATERN, CASTLETON, DERBTSHIRE. 

Bt Mr. Books FENNiNOTOir, F.G-.S. 



The stream which issues from the month of the Devil's 
Carem (now better known ae the Peak CaTem,) at Costleton, 
receiveB two important tributaries before it leaves the deep 
gorge into which &e cave opens. One of these affluents is 
the powerful spring known as the Russet Well ; the other is 
an intermittent brook flowing from the west and appearing 
in daylight from beneath the embankment along which the 
road to the cavern is conducted. The Peak river, as it 
emerges from the cavern, is a combination of two main 
streams, one of which is identical with that seen in the 
Speedwell Mine ; the course of the other is not accurately 
known, but it, doubtless, like the Speedwell brook, comes 
from the depression between Rushup Edge and Elden Hill, 
that is between the roads to Buxton and to Chapel-en-le-frith, 
a depression from which there is no surface outlet, and from 
which many rivulets seek escape by means of underground 
channels. The intermittent brook I have referred to, in all 
probability, flows from the same neighbourhood. Although 
water-less in dry weather, a rainy day or two gives rise to a 
considerable flow and as each rush subsides, its bed (which is 
artificially confined by banks) is encumbered with limestone 
fragments, calc-spar sand (such as comes from lead mines) 
splinters of bone, and fragments of blue-john spar. 

During last Spring, a child (the place is a favourite resort 
of the village children,) found in the then dry bed, two or 
three pieces of fluor spar, and what it thought was a 
curious stone. The curious stone was the tooth of a woolly 
rhinoceros, and was at once recognised on being brought to 
me. On carefully examining the place, I found such debris 
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as above described, but neither then, or on Bubsequont TiBits, 
any other tooth or bone that could be specifically identified. 

I have no doubt that the tooth has either been washed oat 
from some of the numerous fissures in the limestone whidi 
contain mammalian remains, or from some cave, where, 
possibly, its owner was eaten by hyaenas. So far as local 
experience goes, the former is the more likely. I do not 
know that any hytena-den has yet been discovered in the 
mountain limestone district of Derbyshire, nor has any trace 
of the hyjena itself been found in that area, unless it be in a 
recent " find " at Matlock. I am glad to find that a liistory 
of this discovery is to be given us to-day. 

This Peak cavern instance is probably one of those w^here 
the animal died on the surface, its remains being carried by 
flood or stream to a resting-place in a fissure, till the 
destruction of the walls of the fissure by the chemical and 
mechanical action of water once more disturbs the sepulchre, 
and the bones and teeth are washed out to lower levels, or, 
as in this case, into daylight again. No inference as to the 
Peak cavern having been a dwelling-place of either man or 
beast can be drawn. 

This is by no means a solitary instance of the finding of 
rhinoceros remain in the district, but it affords one additional 
proof of the residence of this animal in central England 
during recent geological times. 



ON BONES OF PLEISTOCENE ANIMALS FOUND IN 

A BEOKEN-UP CAVE IN A UUARRT NEAR 

MATLOCK, DEEBTSHIRE. 

By Mb. Robert Law. 



In July last I went on an excursion for the day to Matlock 
Bath, accompanied by two friends. With a view of collect- 
ing fossils, we visited Boden's Quarry, where we accidentally 
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picked ap a molar tooth of rhmoeerot UchorMmu, which led to 
OUT finding a cave, the entrance of which was about 30 feet 
above the level of the river. On searching carefully, we 
aooQ found a tooth of a cave hyattM, a portion of the lower 
jaw of a fox, and several broken leg bones, probably of Uie 
mndeer. 

Some weeks, afterwards I again viaited the place, provided 
with the tools necessary for making a careful and thorough 
examination of the dehrU in which the bonea above raferred 
to were found, and after having obtained the necessary 
permission frcon Mr. Boden, I conunenced work in good 
earnest. 

The debria or deposit referred to, was about 50 feet long, 
and from 1 to 5 feet thick. It was situated in the north side of 
tlie quarry, and rested on a ledge (rf greyish lime-stone, about 
15 feet from the ground, which ran nearly east and west, 
the dip being about 18 degrees to the eastward, and which 
corresponded closely with the floor of the cave. 

The excavation was carried out with the utmost care, and 
occupied three days, from early mom till night. 

The following is a section of the deposit in the centre 
where it was thickest. 

1. Reddish brown rubbish, 1 foot thick, very loose, with 
imbedded angular fragments of limestone varying from one 
to thirty pounds in weight. Bones were entirely absent in 
tihia layer. 

2. Dark loamy sand, 3 feet 6 inches thick, consieting of 
alternating layers of lightish brown and greyish black 
colonr, the layers varying from 1 to 2 inches in thickness, 
and apparently composed of particles derived from lime- 
Btones and toadstones. Bones were also absent in this bed. 

3. Sed clay, 4 inches thick, rich in osseous remains. 

4. Yellowish grey breccia, 14 inches thick, consisting of 
ugnlar fragments of limestone imbedding a considerable 
munber ai bones, principally in fragm^its. 
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The metHod of prooednre was to out down a poTtion of 
the debris at a time, from top to bottom, generally abont 
2 feet in length and 4 feet in width, removing and carefully 
flzamining each layer separately, in order to ascertain with 
precision the bed from which each bone had been obtained. 
In this way I cleared the debris from the ledge of rock for a 
distance of 18 feet. 

From personal observation, and enquiry from the qoarry- 
men and others, I am satisfied that the cave at one time 
extended a little further eastward than at present, a portion 
of its southern side and top having been quarried away, thus 
bringing ita long-hidden contents to light. The cave could 
not have been known before the quarry was worked, as the 
original entrance was then overlaid by a saperficial dqwsit 
from 3 to 4 feet in thickness, oonrasting chiefly of small 
angular fragments of limestone, overgrown by part of the 
wood, now covering the eastern declivity of a hill known as 
the Heights of Abraham, 

In my opinion the bones (now exhibited on the table) 
have been carried from neighbouring sites into the cave, and 
there deposited, by aqueous agency. My reasons for so 
thinking are formed from the following considerations : — 

1. The cave, running at right angles to the course of the 
river Derwent, may have been frequently flooded by it when 
flowing at a former level. 

2. The finding of a well-rounded pebble in the breccia, 
probably micaceous sandstone. 

3. The bones showing little or no signs of gnawing. 

4. The absence of any trace of man or his works in the 
deposit, so far as yet investigated. 

5. The bones found in the red clay d^Kwit being, in 
nearly all cases, in a perfect condition, while those in the 
breccia generally occurred ia fragments. 

6. The layer No, 2 mentioned in the section having a 
stratified appearance, thus pointing to the action of water. 
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The sereral bones which I found hare been aubmitted to 
Professor Dawkins, (to whom I am much indebted for his 
kindness), who has identified them as belonging to 
Bhinoceros tichorinus, Cave Hymna, Bear, Reindeer, Fox, 
Bed-deer, and Bison. 



THE MAMMOTH AT NORTHWIOH. 



Fbof. Botd- Dawkins, F.R.S., said : Mr. President, the 
note which I hare to bring before the Society this afternoon 
relates to a discovery which was made last Spring by Mr. 
Bloxsom, the engineer of the I^ew Victoria Salt Company, 
near Northwich. It appears that, in sinking a shaft, they 
exposed a section as follows : — ^First, there was 2 ft. of soil ; 
then d ft. of brown sand and clay ; then 37 ft. brown bonlder 
clay ; and finally 32 ft. of fine sand, which rested upon the 
red marl containing the layer of rock salt, for which the 
shaft was sunk. Whilst they were making the shaft, the 
travelling cylinder intersected the tooth of " some gigantic 
animal ; " at a depth of 16 ft. below the enrface of the sand. 
The importance of this discovery is twofold : first of all, it 
brings the range of the mammoth as iax to the west — in 
this part of the country — as Northwich. But the most 
important point is that the aond in which the tooth was 
^nbedded clearly and distinctly underlies the lower boulder 
clay. Near Bowdon we have the middle drift sands resting 
upon it, and approacbng nearer to Manchester we get the 
upper boulder olay series. Thus it will be seen that by this 
discovery we have the fact clearly established, that the 
mammoth lived in this country at a period before the 
deposit of the lower bonlder clay, or in other words in 
pre-glacial times. 

I have used the term " pre-glacial " with a certain amount 
of fear and trembling, because, in these days of highly com- 



Dcillizedoy Google 



plicated glacial olasflifioatioiifl, ia which nearly ereryone vho 
writes about the boulder clay takes the particular district 
which he baa examined to be the key to the whole, 
and arranges the whole of the boulder deposits in one 
linear series, it is very difBcult indeed to attach a distinct 
and decided meaning to the term " pre-glaciaL" In 
using the term, I merely mean that it is older than the 
oldest boulder clays that are to be observed in this distriot. 
I might here remark that I entirely disagree with those 
gentlemen who arrange the boulder clays o{ Scotland, Lan- 
cashire, and the eastern counties in one linear series. I see 
no reason for doabting that, during the time when the 
Scotch "till" may have been forming, under the pressure 
of enormous masses of ice, in the mountainous districts of 
the North, icebergs were depositing the boulder clays in the 
area of Lancashire and Cheshire. While there were ice- 
bergs and glaciers at work in Wales and Cumbria, and in 
Ireland, surely there were some glacial agents at work on the 
other side of the Pennine Chain, in the eastern counties, 
and if so, the linear arrangement is wrong. A classifi- 
cation of boulder clays by an appeal to their physical 
character is worthless. It seems to me that, speaking 
in general terms, there are three great phenomena 
to be observed in the general glaciation of this country. 
There is, first of all, the great period of land ice and sea ice, 
when the lower boulder clay series was accumulated. Then 
there was the great period of depression so admirably 
described by Sir Charles LyeU, and which is universally 
recognised by the leading geologists of the day, during 
which the middle glacial sands were deposited ; and, lastly, 
we have the upper boulder clays of Lancashire and Cheshire, 
and also the moraines and other glacial marks which are to 
be noted in the hills of Wales and the hilly districts of 
Cambria and of Scotland. Other than these three divisions 
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I caimot see m; way, in the present state of knowledge, to 
aocept in any otlier sense than mere parochial divisions. 
TKe important point in the discovery at Northwioh is tliat 
the manunoHi was certainly in this part of the oountiy 
before the older boulder clay was accumulated over the sands 
in which its remains were entombed. Kenutina of the 
mammoth have only, up to the present time, been found in 
the dktriot, on the one hand, in the superficial gravel, — as 
I believe, though there is no accurate information, at 
Copenhall, near Crewe. The specimen, a tooth, belongs to 
Sir Philip £gerton, and ia now in his collection. A tuak of 
mammoth has also been found in a fissure in the mountain 
limestone at Doveholes, near Buxton. 

Professor Daw sins, in opening the discussion upon the 
several papers, said he was not able to contribute anything 
of importance to the admirable description which Mr. 
Law had given of remains found at Matlock. With 
regard to the remains on the table he had only to remark 
that the bones of the hyasna were exceedingly few, and 
the condition of the bones, generally, indicated that 
carnivorous animals could not have been at work upon 
them to any great extent. With one exception all the bones 
are free from the marks of teeth. One bone, only, bore 
clear and distinct traces of gnawing. With regard to 
the mode in which these bones were introduced into the 
cavern there was no doubt, in his mind, that Mr. Law's 
view was the correct one. He had never been able, in the 
course of his experience, to account for the abundance in 
some caverns, of bones which were very nearly perfect — 
hollow bones, containing marrow — without the interposition 
of water as the introducing agent. In such a case it was 
clear hysenas could not have had access to the carcases, 
because if they had, the bones would have been gnawed to 
pieces, as we find in all the hysena caves of Europe. Sut 
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nndoabtedly tlie hytena wae in that neigliboiirliooct, and he 
Tould be inclined to believe that the hjsena bones found at 
Matlock were introduced into the fiseore by the same agency 
that introduced the remains of the other creatures. Mr. 
Law had mentioned amongst the remains, those of the bear. 
The fragments were too insignificant to enable him (Professor 
Dawkins) to say anything as to the species. He would 
merely say that in all probability, the remains did not belong 
to the great cave bear. They were very closely allied to the 
bears whose remains were found in Windy EnoU, near 
Gastleton. The majority of the remains belonged to the 
reindeer, and a few of them to foxes — the foxes being 
comparatiTely rare as compared with the reindeer. The 
bison, however, in this cavern, was merely represented 
by one or two fragments, which was a very curious thing 
when one considered what vast quantities of bison bones 
were obtained by Mr. Pennington and himself (Professor 
Dawkins) at Windy EnoU. With regard to the relation of 
these bones to the glacial period, he did not know that 
they had any evidence, but certainly, from the general 
current of his observations, during the last few years, he 
thought that ultimately there would be reason to believe 
that the great majority of the caverns containing bones, in 
the Pennine Chain, were inhabited before the glacial 
phenomena began in the district. On that point, he 
thought Mr. De Ranee bad met with some evidence, 
with regard to the bison, in North Wales. He thought, 
that the view which Professor Phillips advanced many 
years ago that large numbers of ossiferous caverns in this 
country were of pre-glacial age, was the view which we 
should probably have to accept. At present we bad no 
decided evidence on the point, and this being the case, it 
was very much safer not to indulge in any of that exercise 
of the imaguiation which had caused so much mischief to 
geological science. 
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Mr - EooKE pEifKiNOTON Haid that having heard of 
the discovery at Matlock, and made inquiries in the 
locality, his view coincided with that brought forward 
by Mr, Law, that the bonoa had been introduced by 
the action of water. He (Mr. Pennington) would suggest 
to Mr. Dawkins that it was very remarkable that, although 
there was such a number of caves in the mountain limestone 
of Derbyshire, there was no real instance of a hyeena den 
having been brought to light. In the discoveries made at 
Wirksworth by the late Dr. Buckland — particularly 
that celebrated rhinoceros depicted in Reliquia DiluviatuE, 
(which appeared to be in perfect condition) — the remains 
had evidently arrived at their resting place by the action of 
water, and had not been introduced by any carnivorous 
animals. It was a remarkable thing that both at 
Windy Enoll, Dove Holes, Buxton, Matlock, Wirks- 
worth — everywhere, in fact, throughout the mountain lime- 
stone district of Derbyshire, and the adjoining mountain 
limestone district of Staffordshire — that had been the case. 
In the discovery at Waterhouses the same state of 
things was shown : there was no reason to suppose 
that the cave had been the habitation of the hysna ; 
and this was, he believed, the first instance of the discovery 
of the hyscna at all in the country, except in those Permian 
caves which had been so recently thoroughly worked out 
by the conjoint experience of the Rev. J. M. Mello and 
Professor Dawkins. 

Mr. Db Eance said he would like to say a word with 
reference to the bison, discovered in North Wales, to which 
Professor Dawkins bad alluded. At Prestatyn there was 
a steep escarpment of carboniferous limestone, which sloped 
away towards the lowlands about Rhyl, at the baso of the 
limestone they had certain boulder clay, sands, and so 
forth. As good fortune would have it, there was a very 
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deep and considerable lead mine at Talargoch. In sinking 
some of the shafts of this mine they passed through the 
boulder drift, and at the prant where they reached the rock, 
at the foot of that glacial drift, the particular biaon bone 
which had been alluded to was found. In following those 
glacial drifts along the coast, as the Geological Surrey were 
now doing, mailing the Flintshire coalfidd, they found 
them to be continuous ; and he had very little doubt that 
those particular deposits — deposito formed at the bottom 
of a glacial sea — which fringed the entire coast of Flint- 
shire, would be found continuous with similar deposits in 
Cheshire, and even an far as Lancashire. He (Mr. De 
Bance) agreed with Professor Dawldns in the triple 
division of the boulder aeries. The lower boulder clay, 
however — at least what he called such — in Lancashire, 
Cheshire, Cumberland, and Flintshire, was, according to 
his observatioQs, always a marine deposi. It contained 
exactly the same shells as were got in the upper boulder 
clay — two or three forms of mollusca, found in the middle 
sands, were absent from the lower boulder clay; but with 
that exception, the lower boulder clay indicated a lower, 
though not a greatly lower, temperature than the middle 
sands. Beneath the lower boulder clay there was found 
occasionally a dark clayey material which Scotch geologists 
would call "till"; and that oldest deposit of all — the 
till — was, he presumed, that to which Professor Dawkins 
alluded when he spoke of the lower boulder clay as of the 
terrestrial period, that till was an exceedingly local deposit. 
He only knew of it in five places ; and it seemed to belong 
to that period of glaciation when we had glaciers in the 
Lake District of tolerable size, leaving moraines in the 
deeper valleys, with left fragments here and there, in 
odd comers, denudation having separated them. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETY. 

PastIV. Vol. XV. SKSgmir 187B-9- 

An Ordinary MBsriNa of the Members of the Society 
was held on Tuesday, the 2dth Janaary, in the Literary 
and Philosophical Society's Rooms, George Street, 'Man- 
chester; 

Joseph Dickinson, Esq., F.G.S,, Vice-President, 
in the Chair. 
Ur. Henry Baxter, Colliery Manager, Tyldesley ; and 
Mr. Edward Gregean, Mineral Agent, Preston, were elected 
ordinary members of the Society. 



The Chairman annomioed that srrangementA have been 
made with the Council of the Literary and Philoaophical 
Society, which entitle the members of this Society to make 
daily use of the Coimcil Room on the right-hand side of the 
Entrance Hall, for the purpose of consulting books con- 
tained in the library, &o., subject to the convenience of the 
Council when h(dding meetings. 



The Chairman announced the death, since the last meet- 
ing, of one of the oldest honorary members of the Society, viz. : 
Thomas Sopwith, M.A., P.R.8., F.G.8., Memb.Inst.C.E., 
Honorary Member Manchester Geological Society. Bom at 
Newcastle-on-Tyne, January 3rd, 1803 ; died at Weat- 
minster, January 16th, 1879. Practised, during half a 
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oentnry, as a mining and civil engineer ; engaged in seTeral 
extensive uudertakinge in this country and on the Oontinent ; 
appointed Commissioner for the Crown under the Dean 
Forest Mining Act, in 1838 ; from 1845 to 1871 manager 
and agent of Mr, Wentworth B. Beaumont's mining pro- 
perty in Allendale ; inventor and constructor of geological 
models of mining districts, for a paper on which, in 1842, 
was awarded the Telford Silver Medal by the Institution of 
Civil Engineers ; author of a work on the Mining Districts 
of Cumberland and Durham, on Isometrical Drawing, Notes 
on Egypt ; also of several communications to learned 
societies, and upon topics of a miscellaneous character. 
' ' His name will be long cherished as one of the not few 
sons of eminence to whom Newcastle has given birth." 

Mr. Plant said, in reference to the memoir just read, it 
ought to be known to all the mining members of the Geolo- 
gical Society that the Society possessed a set of the models 
which Mr. Sopwith constructed, and which he presented to 
this Society. They were now exceedingly rare and valuable. 
For beauty and perfection, and for the serviceable and prac- 
tical purpose of illustrating a lecture, or for teaching in a 
mining college, they could not be excelled. They were 
accompanied by a small book, which fully explained the 
purport and intention of the models. 



COAL IN ALLUVIAL SAND AT MOSTON. 



Mr. OooK showed a piece of Cannd coal which was found 
recently at a depth of about 28 feet in the alluvial sand at 
Moston Colliery, in Failsworth, when making a railway 
cutting. He was unable to satisfy himself as to the locality 
from which it came, as the Cannel mine is about 150 yaids 
deep at this point, and is apparently of a different quality. 
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Mr. 0REENWSLL Baid he had frequentlf seen pieces of 
cofil in surfaoe depoBita, hat they had invariably had the 
appearance of being water-worn. The piece now shown 
had not much the appearance of an old water-worn coal 
nodule. 

The Chaikman said it did not appear to have been sub- 
jected to rough usage ; but it was quite common to find 
pieces of coal in the sand deposits of Cheehire. The large 
deposit at Sandbach Station, for instance, had coal in it. 

Mr. Grebnwkll : In the sand and gravel at Stockport 
there are also pieces of coal. 

Mr. Plant said that quantities of coal like that exhibited 
might be procured from the drifts between Manchester 
and Oldham. It was always cannel coal ; he had never 
seen any of the soft bituminous coals. He accounted for it 
in this way : the greater portion of the surface of Lanca- 
shire had been scoured down by the action of ice— or 
whatever action did scour down the rocks — and there was 
embedded in the debris a great number of boulders, which 
belonged to the district, and the coal measures had ^so 
undergone that denudation. The fragments now found 
were simply those which had survived the wear and tear. 

Mr. AiTKEN said coal nodules were found extensively in 
the drift at Bacup. He at one time made a collection from a 
deposit of about 1000 feet above the sea level, but the 
nodules were, in every case, difierent from the one now 
exhibited. They were all more or less rounded, and of the 
character described by Mr. Plant, namely, bastard canneL 
In no case did he find any bituminous bright coal. There 
was some difficulty in accounting for their presence in that 
position, as they differed in character from any of the coal 
deposits in the neighbourhood. Where they came from was 
a mystery he had not yet been able to solve. 
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EXPLOSIONS IN MINES. 



The discuBsion on Mr. Wild's paper on "Explosions in 
Coal Mines," read at the June meeting, was resumed. 

Mr. Greenwell referring to that part of the paper which 
dealt with the relation between the quantity of gas given 
out by goaves and the quantity of air sent into a mine, said 
he should like that point cleared up, Mr. Wild's statement 
was contrary to aU one's preconceived notions. It was that 
in a low state of the barometer the gas, instead of, as one 
would expect, issuing more from the edge of the goaf, dis- 
appeared into the goaf. He would like to ask Mr. Wild 
whether, in addition to the gas given off — light corburetted 
hydrogen — there was not also a good deal of carbonic acid, 
or stythe, also given off in the same mine ; because it would 
then be perfectly possible that such a state of things as that 
described might occur ; that although there might be gas in 
a certain proportion, yet neither the light oarburetted 
hydrogen nor the carbonic acid gas being swept away by 
brisk ventilation, there might be at the edge of that goaf a 
mixture of a less explosive character than it would be if it 
was mixed up with fresh air in a larger proportion. He 
had seen instances of that himself. He had seen instances 
where from the mixture of stythe with the fire damp the 
mixture had been—if explosive at all — at any rate less 
explosive than that same gas when f rescued up, so to speak, 
with an additional quantity of air. He simply put that forth 
as a question that might probably be worth considering, and 
he would Uke to hear if any gentleman had any facts which 
could account for what Mr. Wild said, which, at iirst sight, 
seemed incomprehensible. 

Mr. Wild said that choke-damp, or stythe, had never 
been met with in the mine of which he E^xike. The only 
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explanation he could give was tliat it was oving to the 
slackened ventilation at the end of the week, which allowed 
the gas that had before been pressed back into and dislodged 
from the goaf, to fill up the space from which it had been 
dislodged by the stronger ventilation. That led him to 
think that it might be dangerous to increase the ventilation 
at a time like that, because it would insinuate itself into the 
goaf, and bring out a larger quantity of gas than was ordi- 
narily given off. 

Mr. Greenwell said the question was as to how it was to 
be accounted for that, in a very low state of the barometer, 
that gas disappeared into the goaf, and in a higher stato of 
the barometor it appeared at the edge of the goaf, because 
it was so contrary to what we heard, or read, or knew of. 

Mr. Wild read the paragraph from his paper bearing 
upon this point : — " Influxes of gas arise in several ways 

, &C." He said it all hinged upon the ventilation, on 

the extra firing, causing a partial vacuum. 

The Chairman : Yes ; I think Mr. Greenwell has left 
that out of consideration for the present. He wants you to 
explain how a falling barometor would compress gas into the 
goaf, rather than, as is generally found, expand it and 
allow of its coming out. 

Mr. Wild said he thought he must have been rather 
misunderstood. 

Mr. Greenwell : That is the way I understood Mr. Wild 
to have stated it : that, in a very low state of the barometor 
the gas which, in a higher state of the barometer had 
appeared at the goaf edge now, in this low state of the 
barometor disappeared from the goaf edge. 

Mr. Wild said there must have been a misunderstanding. 
The high state of the barometer had not been mentioned. 
The reason why he sent the man down on the Sunday morn- 
ing was because there was a great depression in the barometer, 
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and he expected that a greater quantity of gas would be 
given off ; but when the man got to the place he found there 
was none. It would not show at all. This occurred several 
times, both in the 2ft. and in the old mine. 

Mr, Grebnwbll said the only way — if they did not 
misunderstand M>. Wild — of accounting for it is simply 
this : that there were accumulationg of gas, under certain 
circumstances, in the higher part of the goaf, and that — 
rejecting for the sake of argument the question of the 
barometer — on an increase of the ventilation, such as Mr. 
Wild described, on the air coming through the goaf down 
to that point, the increased ventilation sent through the goaf 
brought that gas down, which in a less active state of the 
ventilation continued further in the goaves. 

The Chairuan : Yes ; it would be impossible for Mr. 
Wild to maintain that point — that a faUing barometer 
caused the gas to recede in the goaf. It is opposed to all 
the ordinary laws of phyeica. It is quite possible — I do not 
at all doubt it — that they found the gas so receding ; but it 
must have been due to some other cause than a falling 
barometer. 

In reply to a question by Mr. J. Burrows, 

Mr. Wild gave some further explanation with the aid of 
the diagram, and afterwards said that they were agreed 
upon the question of the barometer. Ke had not stated in 
the paper that it was through any depression that the gas 
fell back, but through the weakened ventilation. It might 
be said that during the depression a stronger ventilation 
should be kept up, but in working homewards the ventila- 
tion might insinuate itself further into the goaf left behind, 
and sweep out a large quantity of gas into the return air- 
way. He thought, according to special rule 11, it would be 
an infringement to dislodge gas suddenly. 

The Chairman quoted from the report of the previous 
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discuBsion some remarks made by ilt. Bryham, obBerring to 
Mr. Wild tliat it was the increased rentilation that was 
chaUenged — whether that woold bring abont an increase of 
gas in larger proportion than the increase of ventilation. 

Mr. Wild said he thonght t^ey must all admit that an 
increase in the ventilation would have the effect of sweeping 
gaa out of the goaves ; and if the gas was swept out, there 
were only the return air-ways for it to mix in. If men were 
at work on the return side, they ought to be warned, and 
the ventilation should not be increased until they were warned 
and got out of the way. That was the view he took of a 
sudden increase. 

Mr. Wild said, in answer to Mr. Bryham'a observation 
at the previous meeting — namely, that he had never known 
such a case as that mentioned by him (Mr. Wild)^-ca8es 
where too much air rendered a mine dangerous were very well 
known. In re-opening a mine, after an explosion, it was 
. sometimes deemed advisable not to increase the air too 
suddenly, but to let it pass into the mine gradually. He 
thought, in a particular case mentioned by the Chairman, it 
was slackened purposely, to render it more safe — as it was 
often dangerous ; while barrels of water were being poured 
down to increase the quantity of air, the operation had to 
be suspended on account of the danger arising therefrom. 

The Ohairhaii : That was because of its producing sudden 
g^ts with fire-damp that might fire through the Davy. 

Mr. Q-BEEHWELL Said there was only one possible case 
where a larger quantity of air might be attended with bad 
results — that was in the case of a sudden blower of gas. 
No doubt if a large quantity of gas was liberated, and they 
had a very active current of air — not sufficient to render the 
gas inexplosive as it came off, but producing with it an 
explosive mixture that would be felt hundreds of yards 
distant — in such a case they might have a much more 
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eilennve e^osbn than there would be if they had a 
raialler quantity of air. That was the only case he could 
bring forward where an excesffive quantity of gas wotdd be 
dangerous. 

The Chairman : WLere it was not sufficient in quantity 
to dilute the gas given oft 

Mr. Wild, in reference to another point in his paper, 
which was challenged at the previons meeting, namely, the 
practicability of a separating Talve, said he should be very 
glad to hear the opinion of gentlemen better acquainted 
than he was with the subject as to the posailde force of an 
explosion. He added, by way of practical illustration, if 
we take a good sized colliery, with a workable area of 1000 
yards square, or say about 200 statute acres, the case in 
point being a heavy explosion arising from the ignition of 
fire-damp. Space filled with explosive gas contains say 1000 
cubic feet of light carburetted hydrogen and 9000 cubic 
feet of atmospheric air thoroughly mixed. This mixture 
would occupy a roadway of 400 yards in length, the 
sectionalareaof which=35 square feet, ora cavity of 100 feet 
long X 20 feet broad x 5 feet high ; a receptacle capacious 
enough to contain the elements necessary for a large explo- 
sion. By ignition say we get a tenfold expansion in the 
space of five seconds, thus we have a volume equal to 
100,000 cubic feet moved through an airway of 25 feet 
sectional area in five seconds, giving a velocity equal to 
4000 feet in the above space of time, or 800 feet in on© 
second. Then, as 100 feet per second gives a force of about 
34lbs. per square foot, by increasing the velocity eightfold 
and squaring that, we get a pressure of about 15361b8. per 
square foot, or about lOlbs. per square inch. I think it 
would be easy to make a valve or crossings that would stand 
that. 

Mr. G-BiMSHAw said the cry now was "air," and plenty of 
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it vould do eveiything as far aa safety was concerned. But 
if they looked into the matter, it vould be found that the 
more air there was, in certain circumetanceB, if an explosion 
took place, and the more extensive and the more disastrous 
was the result of that explosion. He did not believe it was 
altogether a question of air. Under certain conditions 
when there was a great quantity of air the explosion was 
more disastrouH than it would have been were there a less 
qnantity of air. • He did not think they were altogether on 
the right track as regarded ventilation ; at all events recent 
occurrences had shown that they were not entirely. He 
never found a single instance in all his reading of where 
those extra doors, or valves, had withstood the effects of an 
explosion of any magnitude. 

Mr. Wild : Whether those doors were made of iron or 
not is not stated. 

Mr. Griushaw : There was one at the Hepburn Colliery ; 
the air crossing was made of boiler plate. 

Mr. Wild : It may have been only a very small one. 
We had an explosion which blew down the flue inside the 
furnace archway ; it bent the doors. The crossings were all 
right, and the men worked through the crossings in the 
brow. There were twelve of them did not know even that 
an explosion had occurred. The tubes were all right, and 
the flat sheet crossing as well. 

Mr, J. Burrows said it ought not to go forth as the 
opinion of the meeting that large quantities of air, in coal 
mines, oould be done without. He did not see how a high 
Telocity could be avoided in sending a large quantity of air, 
say 1200 yards. 

Mr. Griushaw said the question was — ^is not it safer to 
nse a less quantity in certain places at certain times P 

Kr. Sedddn said that his experience led bim to believe 
that no crossings could be constructed which would withstand 
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the force of some of the recent exploaious. Od the oocasioD 
of the inquiry succeeding the unfortunate Pemberton 
explosion, Mr. Armstrong gave some evidence as to its force. 
His (Mr. Armstrong's) theory appeared to be that some of 
the men were compressed to death. 

Mr. Woodward said his opinion was that nothing they 
could put up would resist the violence of some of the ex- 
plosions which had lately occurred. From what he had 
seen, he doubted wheUier any iron doors, or any iron air- 
crossings, would be sufficient for the purpose. They saw 
enormously strong masses of brickwork entirely swq)t away 
— disintegTated, as it were ; not one brick being left attached 
to another — and that being so, lie believed swing doore, 
mounted on woodwork, or a framework of any kind, would 
stand very little chance ; still there was no reason why they 
should not be tried. There was another point on which he 
would make an observation, that was with regard to ventila- 
tion. He did not think they should let it go forth that it 
was advisable to have-a small quantity of ventilation, because 
that, he thought, would be going against all the teachings 
of the present time, and all the experience of the present 
time, which was that in every colliery they should have a 
sweeping ventilation. He believed, himself, that it was one 
of the great points of safety to have a good sweeping ventila* 
tion. Of course an outburst of gas might occur which would 
overcome any ventilation that could possibly, perhaps, be 
established, and an explosion resulting from it might be 
much more violent when that large quantity of gas was 
rapidly diluted and spread through the workings by means 
of a large volimie of air ; but he thought it ought not to go 
forth that it was a good thing to have a reduced quantity of 
air in any case. He thought in all cases — not alone looking 
at the fact of explosions, but having r^^rd also to the 
health of the men and of the animals which had to work in 
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pita— it waa advisable to have good ventilatioii. Somethiiig 
had been said witli regard to presaure. There was no doubt 
that in some Tiolent explosions which had occurred lately 
many deaths had been owing to the enormous pressure. On 
reading up latterly some little on this subject, he found that 
gaa, at its moet exploaive point, expanded to about 4337 
times its own volume. That showed what a poor chance a 
man would have of life in an atmosphere expanded at that 
enormous velocity. 

The Ghaikmam eaid that the observations he made, when 
Mr. Wild read his paper, expressed really all that he had to 
say upon the subject. He considered the proper laying out 
of a mine to be the most important matter of all. Large 
quantities of air were of little use if a mine was badly laid 
out. He saw it stated in some of the measurements taken 
at Abercame, that there were 600 or 700 cubic feet of fire 
damp per minute coming off; and at the Oaks he believed 
there were 500 cubic feet. There must be large quantities 
of air to dilute such issues of gas as those. 

Mr. Grimshaw, referring to Mr. Woodward's observation, 
&aid that it was hardly a question of lessening the ventilation. 
The ventilation used in all collieries, at least as far as he 
knew them, was much better than it had ever been before ; 
but there was such a thing — and in considering the matter 
it had to be seen plainly that there waa such a thing — as 
having too much air in this way. Of course, if they bad 
more air they would manage to go through matters safely, 
bnt if they were just on the borderland — not the borderland 
between safety and danger — but supposing something 
unexpected were to happen, when that thing did happen the 
disaster was a great deal worse than it would have been if 
there had been lees air. 

Mr. WoouwABD said the law required that, in oolleries, 
the ventilation must be "sufficient to dilute and render 
harmless noxious gases." 
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Mr. G^EENWELL said that one point had not yet been 
touched upon in the discussion, namely, as to the explosive 
character, falsely so called, of coal dust, hut really coal dust 
distilled into gases by the heat of explosions, and thereby 
adding to the violence of explosions. He wished to connect 
that, at the present moment, with what had been said as to the 
probable effects of what might be called violent ventilation. 
It seemed to be probable, or at any rate possible, that 
violent ventilation, in the case of a very dusty pit, might 
cause a larger quantity of that dust to intermii^le with the 
atmosphere than would be the case with a smaller quantity 
of ventilation ; they might have, owing to the presence of 
the coal dust, a larger addition to the violence of the explo- 
sion than might be the case with a smaller quantity of air. 
It was dear that the more violent the air the greater would 
be the admixture of that fine inpalpable dust with it as it 
travelled through the mine. 

The Chairman said that in dusty mines, where the floor 
would admit of its being done, watering cans should be 
used ; and as far as possible the drawing roads should be on 
the intake, so that the dust might be swept into the work- 
ings and deposited in the old goavea as the coal was drawn 
back. 

Mr. Geihshaw : They water some of the mines at Bamsley 
regularly. 

The Chairman: Some mines are covered a couple of 
inches deep with pure dust, particularly where the drawing 
roads are in the return airway. 

Mr. Gbeenwell : I think all the genUemen present will 
agree with this, that it is desirable to have the drawing 
roads in the inteike air ; and I should say that it would be 
a very questionaUe piece of management, generally speaking, 
to have a colliery with the drawing roads in the retom air 
instead of in the fresh air. 

The discussion was then brought to a dose. 
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TRANSACTIONS 



OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 

Piar V. Vol. XT. Sesmom 1878-9. 



An Obdinaby Mbeting of the Membera of the Society 
was held on Tuesday, the 25th February, in the Literary 
and FhiloBophical Society's Rooms, George Street, Man- 
cheeter; 

JosEFK Dickinson, Esq., F.Q-.S., Vice-President, 
in the Chair. 

Mr, W. H. Warburton, Colliery Manager, Norbury 
Colliery, near Stockport ; Mr. John Greenwood, jonr., 
Ashton Moss Colliery, Audenshaw, near Manchester, were 
elected ordinary members of the Society ; and Mr. George 
Henry Kinahan, M,R.I.A., of H.M. Geological Survey, 
Ireland, was elected an honorary member. 



BLASTING BY MEANS OF COMPRESSED AIR. 
By Mr. W. E. Gabfoeth. 

In endeavouring to dispense with the use of gunpowder 
and other explosives in mines some chemical compounds and 
a great number of mechanical appliances have been tried 
with more or less success. In many cases letters patent 
tave been taken out for breaking down coal by hydraulic 
apparatus, and by wedges of peculiar construction. The 
&^ patent taken oat to use highly compressed air was by 
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Mr. Macnab, of South Wales, and this was followed, some 
time afterwards, hy Mr. Marsh's patent. These gendemen, 
therefore, may be said to be the originators of the compressed 
air cartridge principle. 

As my intention is to lay before you the result of 
experiments with compressed air at a pressure of SOOOlbs- 
and upwards per square inch, I will endeavour to explain the 
princifde as briefly as possible. 

About two years ago a machine was invented which cim 
now be worked by two men. It is portable, and of 
dunensioiis suitable for even small mines, and by means 
of it air has been compressed to 946 atmospheres, or 
14,2001bs. per square inch. After the air is compressed it is 
conveyed through wrought iron pipes to a cast iron cartridge, 
say llj inches long, which is placed in a bole drilled 
in the coal, from 30 to 40 inches deep, and when the 
breaking strain of the cartridge (which is ascertained 
beforehand) is reached, it bursts and breaks down the coaL 
No doubt there are many members present who have air 
compressing engines working at 401hs. or 60Ibs. pressure 
per square inch, for the purpose of driving underground 
hauling and pumping .engines, - who will admit that in 
trying to compress air to 70Ibs. or 801bs. pressure per 
square inch they have experienced many disappointments, 
owing to the air valves proving defective, loss of air 
through "churning," and the exhaust passages getting 
blocked with ice and snow. Considering these difficultiefl 
it will readily be understood the trouble that has been experi* 
enced in obtaining a pressure of 14,200Ibs. per square inch. 

Although I should like to enter into a full account 
of the construction of the machine, and of the manner in 
which this enormous pressure is obtained, also as to the 
theory of the vaporized state of highly compressed air, 
yet, as this detailed information would occupy too much 
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time, and a riew and ezammation of the machine would be 
a simpler method of enabling you to understand its con- 
Btruction, I propose in this paper to simply inform you that 
the rams or plungers of the machine are comparatively a loose 
fit, the valves are as simple as the commonest pump clack or 
bucket (sad can be changed in two or three minutes time), 
and all the parts are extremely simple in construction and 
not liable to derangement. With regard to the form 
ttnd strength of the pipes and cartridge several obstacles 
had to be overcome. In the first instance the cartri<^;e8 
were made by Mr. Marsh of tin, afterwards of cast iron — 
lie Utter were, however, very imperfect in construction, 
varying in thickness as much as i\ of an inch, and altogether 
unreliable. This was one of the reasons — though not the 
principal one — why the experiments Mr. Marsh conducted at 
Wigan were so unsuccessful. The cartridges are now made 
by means of a machine, and are so perfect and regular that 
by adding ,\ of an inch to the internal diameter the bursting 
preaaure can be ascertained to '25 per cent, between one 
cartridge -and another, and this uniformity has many times 
been proved by actual experiment. . 

At my suggestion, and by the kind pennission of Mr. 
Eothwell, the machine was, some months ago, taken down 
one of the collieries at Denton. The first attempt to break 
down coal was a failure, owing to the cartridge not being a 
tight fit in the hole, which had been made by a common 
drill in the ordinary way, and instead of the bursting 
cartndge producing an immediate and sudden effect on the 
coal it was gradual, and simply resulted in the air around 
the cartridge being compressed. 

I have had the experiments which were made by Mr, 
Marsh at Wigan fully described to me, and considering the 
important alterations which have since been made, among 
others, in driving the machine (which now only requires one 
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lialf the power it formerly did) ; the improTsmeQts in the 
cartridges, but especially as regard;! the hole being properly 
drilled, I can easily understand that without these vital 
improTements the experiments at Wigan could not be lesa 
than a failure. After the first experiment at Denton I 
suggested to Mr. Beuss that the hole in the coal should be 
drilled by a small machine, and made so true that the 
cartridge would fit it tightly, so that if possible not a uoit 
of force should be lost. Without describing the numerous 
visits which Mr. E. Beuss and I have made down the pit to 
perfect this drilling machine, nor the principle that ooal can 
be chipped much easier than ground, I may state that 1^ 
constant thought on Mr. Iteuss' part, the drilling machine is 
now so perfect that it can be easily fixed ready for drilling 
without props and at any angle, also that it has often bored 
a hole in the coal six inches in depth in two minutes time. 

After several months experimenting with the drilling 
machine another trial was made to burst down the coal, and 
was BO far Buccessful as to warrant the construction of an 
entirely new machine, capable of compressing air to 1333 
atmospheres, or 20,0001bs. pressure on the square inch, — one 
that would remedy the many defects of Mr. Marsh's old 
machine, which had been found, during the experiments, 
weak in most of the working parts, — and, in having only 
four rams, the turning was irregular, and the supply of 
air intermittent. This new machine has been made by 
Messrs. Garforth, of Dukinfield, and has already compressed 
air to 14,3001bs. per square inch, or 946 atmospheres, and is 
capable, I fully believe, of giving 20,0001bB. pressure per 
square inch. It is neither so high, so long as the first 
machine, being only 4ft. 5in. long, 3ft. 4in. high, and 20 
inches wide, and weighing 8owts. Sqrs. Tibs., including draw 
bar, handles, and all accessories. It can be adapted to any 
guage on an ordinary colliery tramway. 
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By l^e kind permiasion of Messrs. Marland, of Hollin- 
wood, and Mr. Smith their manager, a trial was made at 
Bower Colliery, in the presence of some members of this 
Society, under the following conditions ; — 

The coal is known as the Bower Mine ; it is 5 
feet thick, and of a very hard nature ; it was ondercut 
to a depth of 4ft. 6in., and by the drilling machine a 
perfectly true hole was cut 39^in. in dept^, and 7ft. from 
the cut end of the coaL The cast iron cartridge lljin. 
long. ^^in. diameter, ^*gia. thick, was then put in this 
hole, and stemmed tight, the pipes and machine were next 
attached, and at 95501bs., or 636 atmospheres, pressure per 
square inch the coal was broken down. The quantity was 
estimated at between 5 and 6 tons. 

Having now described to you some of the difficulties 
which have been experienced in perfecting the cartridge, 
the air compressing, and drilling machines, and also the 
efiect of 95501bB. pressure on the coal, I will endeavour to 
place before you ray ideas of how this power can be utilised. 
. I must first state that among other points the following 
have been proved : — 

(a.) That 14,2001b8. has been (and I venture to think 
30,00011)8. pressure per square inch may be), obtained. 

(h.) That a pressure of 95501b8. has been proved to 
be sufficient to break down the coal in a hard mine like that 
at Bower Colliery, 

(c.) When the air at these great pressures is obtained, 
it can be kept for hours both in the machine pipes and 
cartridges. 

In making the following suggestion as to how this 
power may be utilised, I think a machine to meet the 
requirements of deep mining should be one that would 
not require much manual labour, owing to the high tem- 
pentore consequent on deep and extensive workings. 
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What I propose is to use a vesael or small receiTer made 
BO very strong that the bursting point will be six or seven 
times the required pressure, — one proved beyond doubt to be 
perfectly safe in transit, also of such a capacity as vill allow 
the highly compressed air to expand into the pipes and 
cartridges without reducing the pressure below the known 
bursting point of such cartridge. The air compressing 
machine necessary to fill this receiver with highly com- 
pressed air may be fixed on the surface, or, if preferred, at 
the bottom of the shaft, and worked by steam or oora- 
pressed air at 401bs. pressure per square inch in the ordinary 
way. These portable receivers should then be charged 
with, air of the required pressure, sent into the various 
working places, attached by means of a special valve and 
pipes to the cartridge placed in the coal, and then by simply 
opening such valve the air in the receiver would rush into and 
explode the cartridge, at the same time breaking down the 
coal without requiring much manual labour. Of course it 
will be understood that the receiver can either be placed at a 
safe distance, or to obviate the use of pipes, it can be 
placed near to the face of the coal, and the valve opened 
by other means. 

If the expansion of the air necessitated a laiger 
receiver, a small hydraulic pump could be connected to it, 
and by forcing water through a valve opening upwards, the 
water would then occupy the space of the air, and by this 
means any pressure which had been lost through expansion 
could be recovered, and if necessary increased. As 
water is comparatively speaking incompressible, the time 
taken to effect this operation would not be long, nor the 
labour very great and the same water could be used over 
and over again. This arrangement is the one which I think 
will be eventually adopted. 

In the same way in which machines are altered 
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and the original idea improTed iip<m, I feel oonTinoed 
that in a short time this great force of 10,000, 15,000, 
or 20,0001hB. pressure per square inch will be so utilised 
that we shall be able to put into the hands of the miner 
a power which, if gunpowder and other explosives 
are prohibited, will enable him to get coal with the same 
facilities as now, but aboTe all without loss of life from 
blown out shot« and explosions, and without the production 
of deleterious gaeee, which so seriously affect the ventilation 
of any mine. 

It may appear strange to old miners to propose to 
place small ma«hineB in the hands of each workman, but 
certainly not more so than it did to engineers when men 
chipped or worked by hand what is now done by plane- 
ing, riveting, or other machines. When we consider the 
restrictions at present placed upon the use of gunpowder 
and other explosives in mines, and that every day the coal 
to be gotten hes at a greater depth, and the difficulties in 
getting increase more than pro rata with such depth, I think 
there can be little doubt that in a few years Government will 
either entirely prohibit or place more stringent restrictions 
on the use of gunpowder. 

I now propose to compare the system of breaking down 
coal by means of gunpowder with that of compressed air at 
SOOOlbs. pressure or upwards per square inch. 

The undermining of the coal will in both cases 
be about the same, also the time taken to drill the hole, 
provided the machine drill is used. 

If the arrangement of receiver, as proposed in the foregoing 
remarks, be carried out, then the time taken to fire the 
gunpowder or burst the cartridge by compressed air will 
likewise be about the same. 

In stemming the bole there will be a gain in favour of 
gunpowder of about ten minutes, but at a much greater risk. 
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If, iiute&d of tlie portable receiyer the maclime had to 
compress the air to the required pressure, then there is a gain 
of 35 to 35 minutes in favour of gunpowder; hut, as we 
are all aware, after an explosion of gunpowder, the working 
place, if not well ventilated, is so filled with powder smoke 
for a quarter, half, or even three-quarters of an hour, that 
the advantage gained in the time is quite counterbalanced. 

Compressed air, however, posaeeses advantages over 
gunpowder, as regards its safety, which cannot be too 
highly eatinmted, 

I think everyone connected with mining will admit 
that the time has now arrived for some power to he found to 
supply the place of gunpowder if it be prohibited, to enable us 
to get coal as economically in the future as now. 

Should gunpowder and other explosives be prohibited, 
what is the next best means of supplying their place ? I 
think, for the reasons I have stated, that compressed air will 
stand foremost as a substitute, more especially on account 
of its safety, and although monetary considerations may to 
a certain extent weigh with some people, yet no one can 
for a moment deny, after seeing the lavish expenditure 
made by colliery proprietors for the safety of their men, 
that safety is the main consideration both of mine owners 
and their managers. 

Mr. John Higson said he should be glad to know if Mr. 
Qarforth could give the meeting any idea of what increased 
cost would be placed upon the working of coal, by the 
adoption of compressed air. It would also be interesting 
to know what were the probabilities of risk, through the 
bursting of the cartridges, when handled, in and about the 
working of the machine. 

Mr. G. Wild said he bad the pleasure of witnessing the 
experiments that were conducted the previous evening, at 
the Bower Colliery, and he must say that, so far as the 
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throwing dovn of the coal vaa ooncemed, tlie effect of com- 
pressed air seemed quite equal to that of gunpowder. The 
coal was not very much broken, but it was brcken auffioieotl; 
to spKt up for filling. The time occupied certainly was long; 
and looking at the matter in all its bearings, he thought 
much would need to be done before the apparatus could 
supplant gunpowder, where gunpowder was admissible. As 
a scientific experiment, however, it seemed to him to be 
quite a success. The enormous pressure that was obtained, 
and the time that elapsed before the explosion of the cart- 
ridge, seemed to come in very well with previous calculations. 
The cartridge burst at a pressure of 9550 lbs., and the cal- 
culation had been from 9000 lbs. to 10,000 lbs. Altogether, 
it seemed to him to be a good start, and might be the 
forerunner of something that would supersede gunpowder. 
The blasting of the cartridge was somewhat like the 
bursting of a shell. The cartridge, he should say, broke 
into a score of pieces, and the whole of the pieces lay 
just below the hole. The coal is thrown down just as 
a shot would have thrown it down. He (Mr. WUd) asked 
Mr. Smith, the manager of the colliery, how a shot would 
have been, as compared with that ; and he said that it would 
be about the same, except that the lumps were rather larger, 
but it was quite as clean as a shot. 

Mr. Qrihshaw said that he also was present at the exper- 
iments at the Bower Colliery. The delay in the firing of 
the cartridges were mainly owing to some small defects, 
which would have to be, and could be, overcome in the com- 
pressing machine. The cartridge was about half-an-inch 
thick, and ll^in. by 2in. or so, inside, and the time taken up 
in exploding the shell — for it was nothing more than that — 
when the machine was got into order, was about nine 
minutes. There was very little slack made. The coal was 
not much blown, but it was blown down, not in large lumps 
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— (he snpposed that would be on account of the cleavages), 
but in lumps that would be readily split and filled into round 
coal. He had not the slightest doubt, after seeing the 
experiment, and after going into the place immediatdiy after 
the shot had been £red, that the little failures that exiBted 
in the machine would be overcome, simply because, in aaj 
experiment of that sort, it was the details that interfered 
with success ; and they have to be, and in this case no doubt ' 
will be, overcome one by one. At a previous experiment, 
the cartridge was so completely shattered that he counted 
35 pieces ; but the ends, being about l^in. thick as against 
the hali-inch of the body, remained intact. The pipe ^so, 
connected with the cartridge, through which the air was 
compressed, remained intact, and could be unscrewed from 
the end of the cartridge. There seined to be a kind of 
Scotch miat created by the explosion, and at Bower CoUiery 
(the place in which the last experiment was made), though 
cool before, was very much cooler after the blast. 

Mr. Fenham said that he was present at the first trials 
with compressed air, made at Wigan last year, and a 
difficulty then seemed to be the large escape of air between 
the machine and the shell. He did not gather from the 
paper, how the connection is made by Mr. Garforth. 

Mr. Hali. said it was no doubt very important that some- 
thing should be introduced in place of gunpowder. Wedges 
in large numbers had been tried, and he thought he had 
tested most of them personally. Hydraulic driven wedges 
seemed to fail because the action was slow, and the others 
failed because the manual labour was too great. In the use 
of compressed air (and he said this not to discourage Mr. 
Garforth but rather to give him assistance) there were two 
or three weak points. First, he seemed to think that 
90001b. pressure would be sufBcient to bring down hard 
coal. It was a mistake to assume any pressure less than 
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that exerted by gunpowder, for bringing dom lurd coal, 
and that was at least four times 90001b. per square inch. 
With reference to carrying a vessel containing compressed' 
air into the workings and transferring the preaaUre from 
that into the vessel already in the coal, his opinion was that, 
in that operation an inunenae amount of the pressure would 
be lost, because the air must, in that case, be expanded into 
tirice the original space. Thus at leaat half the pressure 
would disappear. This would be a very great drawback. 
He believed also it would be found that there was great 
difBculty in preventing injury to the pipe through which the 
air passed by the falling coal. There was another point 
which he (Mr. Hall) advanced with great diffidence ; it 
seemed to him a queatioa whether it was possible to have 
any sudden expansion of gasses — air, if they liked — 
approaching anything like gunpowder in force without 
producing flames. He might be wrong in that ; he just 
mentioned it so that it might be taken into consideration. 

Mr. "WooDWASD said the one difficulty that presented 
itself to his mind was, that in applying Mr. Garforth's 
suggestions to a large colliery, where they had a large number 
of working places, the cost would be a most serious con- 
sideration. Gunpowder was very cheap and very portable, 
mA the question was how would the use of compressed air 
compare with it as to cost? Moreover, upon the system 
described by Mr. Garforth (of course it might be capable of 
improvement), he did not think they got anything like the 
pressure of the commonest gunpowder that was used. Then 
there was the question of portability and the difficulty of 
pipes. He had had something to do with compressed air, 
and at the present time was using it for a good many 
purposes ; and the difficulty he found was the great costliness 
of the pipes for conveying the compressed air either to driUa 
or any machine whatever for which they might be using it. 
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ETcm at the low pressure of 1601b. they found an indiarubber 
pipe lined with copper wire, a very expenaiTe commodity ; 
and it was of importanoe in each a matter to reduce, as far 
as possible, the expense. Then there was the point mentioned 
by Mr. Ghimshsw. He said that after the explosion of the 
cartridge a sort of Scotch mist was perceptible. The 
question was — what effect would that mist have upon the 
roofs of some mines, because dampness in many mines was 
the cause of considerable displacements and falls of roof. 
Of course, if anything could be applied in the place of gun- 
powder, they ought to do everything in their power to bring 
it into use. Gunpowder, there was no doubt, was a source 
of danger, but then, as to compressed air, there came the 
question of applying it. Could an ordinary collier be 
trusted to apply that power in his working place ? That, 
to his mind, was a most important consideration. In an 
ordinary colliery there would be, perhaps, 100 colliers, all 
using gunpowder. How long would it take to bring those 
colliers to apply oompressed air instead, or safe to leave it in 
their hands under great pressures ? Those were one or two 
points which presented thanselves to his mind as matters of 
difficulty. Of course, if it came to be adopted, men would, 
no doubt, be educated up to the use of it. 

Mr. Batwliffe said he had se^i the eiqteriments described, 
and was of opiuioo, from the effects of the blast, that 
compressed air did its work in a manner quite equal to or 
better than powder would have done it. It did not scatter 
the coal, and he conld have stood within a couple of yards 
with perfect impunity. He took up some of the fragments 
of the shell immediately below the hole in which it had 
rested prior to the explosion. With reference to the 
supposed loss of pressure, he was of opinion that it would be 
extremely small. The pressure could be maintained even 
after having to fill the pipes and the cartridge. The pipes 
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did not need to be long. The air Teasel could be placed a 
few feet from the cartridge, and the valve turned by other 
means than the hand. The blast had, undoubtedly, a cooling 
efiect apon the working place, but he perceived no smoke or 
vapour. That was an important point in some collieriee, 
where a large quantity of gunpowder was now used. 

Mr. Gt. Wild said that, as Mr. (Jrimahaw bad already 
remarked, the place felt quite cool after the explosion. He 
went into it directly after, but perceived none of the miert 
which Mr. Grimshaw said waa notioeable in the boiler. 

Mr. Martin said that one evening last week, at Mr. 
Qarforth'e works, he saw a cartridge exploded under a 
comparatively low pressure (7o001b.), and was surprised at 
the small size of the fragments. He did not think it at 
all likely that flame would be generated by the explosion. 
In the trial at Bower Colliery which was referred to, the 
cod was undoubtedly very strong, but it was holed, be 
thought, beyond the average distance. The danger of 
carrying the loaded shells about, he considered an important 
point. 

The Chairman : Did you notice the mistf 
Mr. MaKiiN, Yes I but not particularly, 
Mr. Grimshaw said there was a very distinct mist in the 
first experiment. There waa a good air going into the mine 
at the time of the experiment on Monday evening, but there 
was a distinctly damp feeling in entering the place imme- 
diately after the cartridge had exploded. 

Mr. HoL Lima WORTH said the mist, he thought, would 
be the result of coolness, owing to the expansion of the air. 
He would like to know if the shock arising from the blast 
would not be liable to explode the vessel containing the 
compressed air. 

The Chairman said that was the risk. The study of 
ei^losives seemed to have been hitherto chiefly directed in 
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relation to purposes of war, bat the large gatheriog of 
practical mining engineers, managers, and agents, who were 
then present, showed that, in their opinion, it also had its 
attractions in regard to purposes of mining. It is, perhaps, 
of more importance in relation to the economy of labour and 
the cheap production of material or work that explosives 
were of importance to the nation, for it was only by the 
saving of labour and cheap production that the sinews of 
war could be provided. But, like most useful iuveutions, 
they were not all good, and all that should be expected of 
them was that they should have a balance of advantage in 
their favour. They knew that powder in the working of 
some mines was at the present time -indispensable ; but if 
the day should come, which Mr. Oarforth prophesied, when 
its use would be entirely prohibited, still the need of some 
explosive, be it compressed air or water, would be indis- 
pensable unless they reverted to the. times depicted in a 
book which would be foimd in the library, dating three or 
four centuries back, when the rocks had to be softened with 
fire, and the miners had to protect themselves as best they 
could from suffocation. There were others besides Mr. 
Garforth who were seriously of opinion that the day would 
come when gunpowder would be prohibited in mines. He 
had not himself, however, been able to look at it in that 
light. He thought, with the aid of such precautions as 
presented themselves to practical men, powder might 
continue to be used uutO some explosive was found that 
would be attended with fewer drawbacks. The drawbacks 
to this invention had been named. The chief ones were 
extra cost and the risk of carrying the compressed air about 
the mine. These were points which Mr. Garforth had 
taken notes of, and might be able to answer. The mist 
perceived after explosion had, he thought, been satisfactorily 
explained by the sudden appropriation of the latent heat 
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from the surrounding atmosphere, which, tui the paper 
described, produced ice; so that to that extent if the 
oompreesed air were carried into the mine in portable vessels 
and there exploded it would have a cooling effect in deep 
mines, which was very important. Then doubts had been 
expressed as to sufficient pressure being obtainable in any 
way comparable to the pressure of gunpowder. 

Mr. Reuss said that the gentlemen who had already 
spoken were for the most part mining engineers. His 
business, however, had only been to make a machine which 
would effect a given purpose. In the Wigan experiments 
the cartridges used were made of tin or casf iron, and the 
internal bore being uncertain it was impossible to say at 
what pressure tiisj would explode ; therefore his first con- 
raderation was to make a cartridge that would go off at a 
certain pressure. To do this a peculiar machine for casting 
had to be prepared, so that A of an inch could be added to 
the internal bore, each A inch, so added, giving an addi- 
tional pressure of lOOOlbs. This pressure was further 
increased when the cartridge was put into the rock; for 
instance a cartridge that went off in the presence of Mr. 
Martin the other day at 7500Ib8. — if that had been put into 
the coal experimented on the previous day (Monday) a 
pressure of ISOOlbs. more would have been needed to make 
it explode. The cartridge used at the Bower Colliery went 
off at a pressure of 9500 lbs. and he was informed by Mr. 
Grimshaw that the effect upon the coal was the same 
as if two blasts of powder had taken place with l^Ib. 
of powder. One of the previous speakers had made a 
comparison of the bore exerted by powder and compressed 
air. The action of gunpowder upon coal was rather to 
smash it, whilst that of compressed air was as if a lever 
were used to wedge it down from the roof or sides as the 
case might be. It had been remarked that, in former 
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experiments, tlie joints of t)ie machine did not hold ; the 
cause of ttiat was the suddenneas and irregularity of the differ- 
ent injections of air. In the machine they now had in use, 
and which might be seen by any gentlemen interested in the 
matter, the action was continuous — there were no jumps. 

The Chairman asked how the pressure is ascertained. 

Mr. Keubs said there are two pressure guages, one to 
check the other. 

Mr. John Higson asked if the breaking point of the cart- 
ridge would be dependent upon the nature of the strata in 
which it was inserted — assuming the hole to be drilled by 
machinery, so ^t a perfect fit might be obtained. 

Mr. Reuss said that it took a greater pressure to blast the 
same cartridge at the Bower Colliery than it would have 
done at Denton, where the coal is not so strong. 

Mr. Q-ARFOETH said he did not know whether Mr. Eigaon 
was aware, that all the experiments hitherto had been 
conducted to ascertain what pressure could be obtained. 
But he had endeavoured to show that, as compared with 
under-cutting, the difference in time taken between com- 
pressed air and gunpowder to break down the coal would 
be very trifling. The cost of the former, he admitted, was 
more than that of gunpowder ; but against the cost they 
must put the additional safety, which was of the greatest 
importance. With respect to the supposed danger from 
the machine bursting, he might say the barrels were made 
of Whitworth's compressed steel, and therefore stronger 
than there was any real necessity for. When the air was 
forced through the valves, there was not the same danger 
of giving way or rebounding in the machine as might be 
imagined. Mr. Wild, while admitting the machine had 
done all that was required, stated that it was more of a 
scientific experiment, which he considered hardly a fair 
definition, as the results were eminently practical. In 
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> Mr. Hall, who had compared the force of gun- 
powder with that of compreased air, he might say the 
opinions of acientific men with reepect to the force of gun- 
powder varied very considerably, from the time of Sir 
Humphrey Davy to that of Faraday, but Prof. Abel placed 
it at 42 tons to the square inch — that was, gunpowder of a 
certain quality — and assuming the power waa present which 
had to be overcome. If, however, gunpowder be placed 
upon a plate and ignited, it explodes with a puff ; but, if 
the same quantity were confined in a sufficiently strong and 
closed vessel, the pressure stated would be exerted. In 
the same way, colliers know that if they use eight ounces of 
gunpowder in certain raines, it breaks the coal into nearly 
all amall ; and, perhaps, five ounces would have done the 
work adequately, and produced a better result. With com- 
pressed air, it had been proved that with a hole 39J inches 
deep, and a certain distance from the undercut, it required 
only a pressure of 95501bs. per square inch to force the coal 
'down with the advantage of giving a large proportion of 
best coal. 

The Ghaikman : that will be about 4| tons per square inch 
as compared with 40 tons per square inch by gunpowder. 

Mr. Gakforth further said Mr. Hall had also doubted 
whether the pressure could be maintained. In reply he 
might say, that he had in experimenting at 6000 lbs. 
proved, that this pressure can be maintained for several , 
hours, and when the construction of the valves was 
understood, he thought it would be admitted that there was 
nothing by which the pressure could be lost. The presence 
of mist, after the explosion, might be explained by the fact 
that a certain quantity of water was forced into the receiver 
with each stroke of the pump. The vapour was, as it were, 
held in mechanical suspension ; and he argued that there 
was not sitffioient heat in the place to hold it in suspension 
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for any length of tune, aa it wbs heavier than air, it must 
naturally fall to the ground. They had never found the 
roof of a mine in that clammy wet state, which it would 
be in if any large amount waa given off. Mr. Grimshaw's 
remark, he thought, was not so much with regard to mist 
being given off in the mine, as to that which he perceived 
in the boiler when a cartridge was exploded, aimply to show 
him what pressure could be got. There, it was confined in 
a very small space; and, consequently, all the more per- 
ceptible. In reply to Mr. Woodward, he thought hia (Mr. 
Garforth'a) idea could be carried out, and receivers made 
sufficiently strong to stand a teat of seven or eight times, or 
even more, thiia the working pressure; then the miners, 
being asEmred of their safety, could be induced without 
much difficulty to use them. 

Mr. Martin asked what the cost of the cartridge would 
be. 

Mr. Qarfdrth said he could not state the cost exactly. 
But by adopting a cheaper mode of fixing the pipes to the 
cartridge, and by having the latter made of steel, the cost 
would be considerably less than it was at present, and 
perhaps better results would be obtained. 



NOTES ON SOME TRIASSIC BORINGS. 
By C. E. De Rance, Assoc.M.Inst.C.E., F.G.S. 



In 1835, Sir Roderick Murchison (Proc. G. S., Vol II.) 
gave the following classification of the red rocks overlying 
the Coal Measures : — 

1. Red and green marls Keuper. 

2. Sandstone and conglomerate. .Bunter. 

3. Oal<^areous conglomerate . . . .Zechatein. 

4. Lowerred sandstone Roth-todt-Uegende. 
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In 1837, the Rev. Frofesaor Buckland asoribed the 
W^arwick saDdstones, with their reptilian fauna, to the age of 
the Eeuper of Germany, and compared them with the 
building stoneB of Stutt^rd and Sinzheim, near Heidelberg* 
These Warwickshire sandstones consist of either soft, white, 
or grey sandstones, more or lees thin-bedded and inter- 
stratified with marl, with a slightly conglomeratic base, 
resting indiscriminately on Permian or Coal Meaeures, and 
may be considered as the typical English " Waterstonea." 

In papers read before the British Association in 1842, 
and the Geological Society of London in 1846, and before 
this Society at a still earlier date, Mr. Binney was the first 
to give the chief outline of the classification of the 
LancBshire and Cbeelure post-carboniferous red rocks, the 
sequence being : — 

Taua (UoTChuon) :— 

/^d^ K«d and variegated marb ft. 

( 1. JM Marl (Ormewd) | ''*> OrP«"n> ""i Baliferouf. marb. ... 800 „ 

J [ffJWa.tsTSbmea 4*0 „ 

( 1. Bimter Stria Maiimnm thickueBS 600 „ 

3. fRed and Tariegated marbi and mag- 
Pbrmian. \ DMion limeotone 210 „ 

4. (.Lower New B«d Sandstone 120 „ 

In this classification I am inclined to think that the term 
" waterstones" does not include the compact Lower Xeuper 
building stone and grit, which was evidently classified with 
the Bimter beds beneath in the papers by Mr. Onuerod and 
others of the period. This restricted use of the term 
"waterstones" is one which it is of importance to maintain, 
as probably it, and not the building stones beneath it, are 
the equivalent of the typical waterstones of Warwickshire. 

In 1854, Professor Hull laid a paper before the British 
Association, showing the Bunter beds were capable of a triple 
enb-diviaion — massive sandstone with pebbles, or pebble 
beds, intervening between an upper and a lower red and 
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mottled sandstone. OccaaionoUy the Pebble beds are 
only Boft sand with shingile, and the Mottled Sandrtone 
beneatb it gradually tbins out eastward, its maximum 
development being in the Shropshire area. In later papers 
he pointed out that Lower- Keuper sandstone not only rests 
unconformably in an eroded surface of Bunter, but that the 
former in the Aahby-de-la-Zouche country passes directly 
over the latter, and was deposited entirely independent of it. 

Borings made from time to time since this date have 
proved the steady overlap not only of the Keuper over the 
Bunter, but of the various sub-divisions over themselves; 
and as the journals of these borings have for the most part 
been communicated to the Underground Water Committee 
of the 3ritish Association, it may be useful to capitulate 
the information on the maximum thicknesses and gradual 
wedging out of strata they present to us. 

Lttm-mhire. — At Bootle, near Liverpool, an important 
Iwring has been earned to a depth of 1304 ft. by Messrs. 
Mather and Piatt, for the Liverpool Coi-poration water 
supply. The diameter is 25 in. to u. depth of 1000 ft., 
and 20 in. beneath that limit. The water-level stands 
at 50 ft. from the surfuce in the bore-hole, but has not 
yet been pumped. This level is about that at which 
water stood in the adjacent Bootle well, when not pumped 
some years ago. The character of the Pebble Beds is 
well seen in the quarry in which the old well ia sunk, and 
in the large quarry higher up the hill, from which it is 
evident that the thickness of this division of the Bunter is 
not less than 1200ft., inst«ad of 600 to 800, as anticipated; 
the base of the Pebble Beds occurring in the boring at 
1039ft., where the Lower Mottled sandstone was first pene- 
trated, the well-known " millet seed grain" being specially 
characteristic. This is well seen in the Lower Mottled sand' 
stone of the Vale of Clywd, 
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The Lower Mottled sandstone in the Bootle boring becomes 
very hard and compact at 122Sft. from the surface, being 
cemented together by lime; but the grain, when the rock is 
broken up, is seen to be the same. For details of this 
boring and for facilities to inspect the cores I have to thank 
MessK. Mather and Phitt, of Salford Iron Works. 

For similar facilities I have to tbank Mr. Beck, of Dallam 
Lane Forge, Warrington, for a boring made at that place. 
From an inspection of the cores, in company with my 
colleague, Mr. Strahan, we constructed the following 
journal : — 

feet. 

1. Boulder clay and drift 30 

2. Red and pale j-ellow, soft rock. . 3.50 

3. Red and white ditto, alickensides 2 
A Flaggy micaceous sandstone 



4. < Redsandstone & thin shale bands | 218 

(- Micaceous flags and slickensides ' 
». Red and white Sandstone .... 1-59 
Fault, 



■ mottled 
bunt«r. 



6. Red Sandstone with pebble. . 



58 



Pebbles 



„ 7. . Soft Red Sandstone 


iepth of 227 feet from surface 40 grain 


345 


170 


390 „ 


, 300 


445 „ 


730 


500 


, 1346 


600 


, 1576 


680 


, 3100 


756 


, 4000 


818 


, 450O 



These figures represent number of grains per gallon pro- 
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dnced, by nitrate of silver, i.e., ohloridea alone, the water lias 
a strong briny taste 

From this section it will be noticed tbat we are of opinion 
that no less than 752 feet of Upper Mottled sandstone is 
proved by the boring' without the base being reached, the 
Pebble Beds beneath being thrown in by the fault, which 
possibly acts as a duct for the salt water. 

Midland Counties. — In Lancashire, the "Wateretones" 
of Messrs. Binney and Ormerod pass insensibly into the 
overlying Eeuper marl, there being no diarp line of 
demarcation. In Staffordshire, Leicestershire, and War- 
wickshire this is also the case, except around Chamwood 
Forest, where the red marls overlap the Waterstones, and 
rest directly on the palicozoics. This is also the case in 
the Bristol Channel, both in Somersetshire, Gloucester- 
shire, and South "Wales, the Waterstones coming in for the 
first time to the north-east of the Forest of Dean, east ot 
Mitcheldean and Newent. If a line be drawn from Not- 
tingham, south-west to Worcester, it will mark the easterly 
thinning of the Bunter deposits. The Waterstones extend 
further, being present at the boring through the oolites of 
Burford (previously published by me}, being deposited 
against an old palseozoic ridge, which was overtopped by the 
Keuper marls above, which sweep round the Mendips, the 
local " Dolomitic Conglomerate " being generally present 
where the underlying rock is the Carboniferous Limestone. 

Of the Bunter deposits, the Lower Mottled sandstone is 
the first to disappear eastward, the Pebble Beds resting 
directly on the Permian on both sides of the South Stafford- 
shire coalfield, and on the carboniferous roCks of Sovedale. 
In the latter district the Lower Keuper sandstone rest^ 
directly on the Pebble Beds. Northwards, from Notting- 
ham to Selby, this is also the case, the Upper Mottled being 
entirely absent, and the Lower Mottled maintaining a well- 
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marked tfaiokaess. Still further north, at Middlesbro', the 
Pebble Beds have probably thinned out, and the Keuper 
raets on the Lower Mottled sandBtone. 

In Lancashire and Cheebire, below the aoft, fine- 
grained sandstones and shales, or Eeuper waterstones, 
occur massive building stones, with soft beds traversed by 
current bedding on the top, between which and the over- 
Ijing evenly-bedded Wateratones there is a well-marked • 
junction. The line of boundary going eastwards is seen to 
gradually overlap the older rocks, the Lower Keuper building 
stones being reduced to a few feet at N^ottingham, and being 
entirely absent in Warwickshire and the greater part of 
Leicestfrshire. These remarks will explain the true Water- 
stones resting in some of the following sections on the 
palseozoic rocks. The sections were collected by Mr. James 
Plant, F.Q-.S., of Leicester, for the Underground Water 
Committee. 

Hawkesbury Pumping Station, Coventry (Mr. Sinclair) 
3-53 feet above O.D.L. :— 

Drift 30 feet 

Waterstones 90 „ (White sand- 

stone.) 

120 „ 

Holywell Boring, Hinckley Local Board{+ 330 O.D.L.):— 
Drift (clay and gravel) . . 130 feet 

RedMarl 20 „ 

Waterstones 370 „ (Shale, gypsum, 

and sandstone. ) 

540 „ 

Elmsthorpe, Leicestershire (+ 300 O.D.L.) :— 

Drift lOfeet 

RedMarl 120 „ 

Waterstones 330 „ 

Coal Measures 980 „ 

1440 „ 
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Unridge Hall Oolliety Boring, Deafoid (+ 400 O.DX.) :— 

Drift 2 feet 

Upper Keuper Sandstone 20 „ 
Red Marl and GypBum. . 44 „ 
Wateratones 204 „ 

270 „ 
Near Desf ord, close to 9 mileBtone on Leicester railway : — 

Marl 213feet 

Wateratones 140 „ 

350 „ to Slate. 
Austy Paper Mill, near Leicester (+ 22-5 O.D.L.) :— 

Drift (boiilder, clay) 70 feet 

Red Mart and Gypsum . . 117 „ 

187 „ 
Hatheni, Leicestershire — north of Charnwood Forest 
( + 320 O.D.L.) :— 

Drift lOfeet 

RedMari 110 „ 

Wateretone 140 „ 

•Conglomerate (Lower K.S.) 60 „ 

* 320 „ 
Chilwell Boring, Leicestershire (+ 450 O.D.L.) : — 

Ft. In. 

Drift 13 8 

Upper Keuper Sandstone . . 53 

RedMari 53 4 

"Wateratones 115 

( Soft Sandstone 110 4 

( Conglomerate 30 8 

Lower Mottled Sandstone . . 44 4 
15 5 

435 9 Carried to 
1036 ft. 

* Then Con^lomerateB are well teen ftt Castls Donnington. 
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The eastern boundary of the oatcrop of the Pebble Beds 
of the Bunter ranges along the River Trent, past Notting- 
ham, as far as Stanston and Swarteston. I-^astward of this 
line, the Keuper Sandstone rests on the Coal MeaMures of 
Aehby-de-hi-Zoueh, and the Oarl)onifpi-ouN lamestoiic of 
Br«don HiH. 

Rimging parallel to this line and eastward of it, the Tjower 
Keuper sandstone, building stones toid conglomerate, thin 
out, being last met with at Hathem, ranging north of 
Cham wood and Atherstone. South of Nuneaton, fine 
grained white sandstone, used for building occurs, inter- 
bedded with evenly bedded shale of the Waterstones. 

North of the Trent, the I^ower Keuper sandfitone conglom- 
erate is reduced to 5 or 6 feet, resting on the Pebble Bed, 
lying on thin beds of Lower Mottled sandstone, which again 
comes in here, being absent in the area adjoining the 
Wcaahire and Staffordshire coalfields, east of the Cheshire 
Red Marl plain. 

At Owthorpe, south-east of Nottingham, a boring was 
carried to a depth of 1147ft. lOin., and a 2ft, 4in. coal being 
reached at 114-5 ft. 6 in. 

North Yorkshire and Durham. — Through the kindness of 
llr, H. H. Howell, of H.M. Geological Survey, I have been 
able to examine the six-inch maps of the district around 
Middlesboro, in Durham and Yorkshire, on which the posi- 
tion of the various deep borings are marked, as well as the 
natural exposures of rock. At Hunworth, and near Low 
Diresdale, current bedded red and yellow flaggy sandstone 
at 10° to the northward. This dip is, however, probably 
local, as further eastward good sections of these sandstones 
occur in the banks of the river Tees in the direction of 
Stockton, dipping S.E., which is also the dip of the magne- 
siaii limestone of Aycliffe, and that of the overlying rhoctic 
beds of Yorkshire. This dip evidently obtains in the 
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Hiddlesboro' salt area, as the salt deposit vas met with at a 
shallower level at Messrs. Bdls boring, north of that of 
Messrs. Bolckow & Vaaghsns. Still further north there is a 
local roll on the coast near Greatham, close to which there ia 
a boring, IJ miles W. of Seaton Carew, 529 feet deep. 

A bore-hole was put down in 1828 by Mr. Fletcher, at 
Oughton, about a mile north of Greatham, and two west of 
Seaton Carew. Details given by Mr. Peacock, C.E., Traus, 
Cleveland, L. and P. Soc., 1870 :— 



Depth. Thickness. 



/I- 

2. 
3. 
4. 
5. 



Soa 

Gravel, with water 

Blue clay, Tety strong . . 
Sand, with a little water , . 
Blue clay, very strong . . . 

Red eand 

Sandy clay 

Bed sand 

Blue clay '. 

Sandy day 

Sand, with a little water . , , 
Clay, very strong, pebbles . 

Grey freestone 

Grey sand 

Clay, very strong 

Clay brown, very fair 

Brown freestone 

Grey metal 

Brown post, with girdles. . , 

Bed stone 

White post, very strong, metal 

partings 

Grey metal 



Ft In. 

1 

U 

37 

1 8 

8 6 

3 6 

5 2 

8 2 

3 10 

1 6 

8 
24 

2 

4 2 

1 9 

9 1 

5 
7 5 

3 
12 7 

5 i 
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Eed freestone 

White post 

Bed freestone 

Post girdles 

Bed freestone 

Blue metal 

Red freestone 

Blue metal 

Bed freestone, post 

White post girdles 

Blue metal 

Red freestone, poet 

White poet girdles 

Bed freestone, post , 

White post 

Bed metal 

White post girdles 

Red freestone, post 

White po^t 

Bed freestone, post 

Whin girdles 

Red freestone, post 

Strong whin girdles 

Bed metal 

Strong whin girdles 

Red metal 

Strong brown post, with metal 

partings 

Red metal 

Grey metal 

Bed freestone, post 

Bed bastard whin 



Depth. Thickneu. 
Ft In. 

4 1 

3 2 

15 

9 

22 10 

3 6 

11 6 

2 




1 

13 





17 



4 
6 
3 2 
17 6 
10 
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Depth. Thickness. 



Ked metal 

Strong whin girdled 

Red metal 

White post gii-dles 

Red metal 

White post girdles 

Red metal and white .... 

Red metal 

MTiite post girdles 

White stone, resembling spar. . 

Red metal 

Bastard whin girdles .... 

Red metal 

Bastard whin girdles .... 
Soft rod freestone, metal partings 

Red metal 

Red freestone, post 

Red metal 

Brown freestone, post .... 

Red metal 

White post , 

Red metal 

Brown freestone, post 

Red metal 

White post 

Red metal 

Brown freestone, post 

Red metal, very strong , , , 

„ soft 

Brown freestone, post 

Red metal 

Brown freestone, post 
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Depth. ThicknaoB. 



85. Rod metal, strong 



100. 
101. 
102. 
103. 
104. 



Strong brown post, with feeder 

of water 

White post girdles 

Red metal 

"White post girdles 

Ked metal, \vith post girdles . . 

Strong brown post 

Red metal 

Coal 

Ked metal 

„ strong 

Strong freestone, post 

Soft red metal 

Brown whin 

„ freestone 

„ whin 

„ freestone 

„ whin , 

White stone, resembling spar. , 
Brown freestone , 

„ whin 

Strong white post , 

„ whin post 

White whin , 

Strong white stone 

„ grey post 

„ blue post j 

Blue metal 

Brown stone .517 



10 

14 4 

;J 

4 

4 

1 
C 

a 
D ;j 

1 2 
10 



I 1 

1 



I 517 9 
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Boring at old Brewery, Norton 
(Geological Survey Sheet 50 Durham 



Street, of Stockton. 



Made ground 





1 a 


Blackaand 





4 10 


light-coloured sand . . 





2 10 


Loamy clay 


5 


2 6 


Brown strong cky 


1 


6 


Dark sand 


1 


4 


Brown strong clay .... 


3 


2 4 


Sand, with water . , , . 





3 


Clay, with stone 


2 





Yellow freestone 





2 6 


Bough gravel under .... 





1 6 




4 


1 


Bed sand and mould .... 


2 


3 6 


Soft red metal 


1 





Hard red sandstone 


5 


5 6 


Soft red metal 


1 


4 6 


Hard red shale 


1 


5 4 



2 2 



No. STRATA. 


"■rr- 


Depth. 
Ft. m. 


1. Soil 


, 


1 


6 


1 6 


2. Clay 


. j 


i 





5 6 


3. Dark sand 


. / 


7 


6 


13 


4. Clean sand 


( Drift 


26 





39 


5. Bed clay 


.( "'O- 


3 





■ 42 


6. Sand and gravel 


. ] 


8 





50 


7. Boulder cky 


./ 


27 





77 



I 



I have to thank Mr. Allison, of Ouisboro', for the SectioQ of ' 

Strata bored through by the Diamond Drill Co., at Salthouse ' 

Farm, on the Durham side of the Tees, for MessrB. Bell : 

Bros., 15th December, 1874:— j 



No. STRATA. 


Thicknm 
Ft in. 


Beptli. 
rt^n. 


8. Bed marl 


73 





150 




144 





294 


10. Wliite sandstone 


1 


3 


295 3 


11. Bed sandstone, with veinB of marl . . . . 


153 


9 


449 




10 





459 


13. Softmarl . 


3 





462 




6 





468 


15. Blue yein 


10 


468 10 


16. Red sandstone 


31 


2 


500 


17. Red sandstone, witll veins of marl 


27 





527 


18. Softmarl 


4 





531 


19. Hedsandstone 


29 





560 


20. Red sandstone, with veins of marl. . . . 


49 





609 


21. Softmarl 


6 





615 


22, Red sandstone, with veins of marl. , . 


31 





646 


23. Red sandstone 


6 





652 


2^. Marl, with blue veins and sandstone . 


17 





669 




66 





735 


26. Bluevein 





7 


735 7 




13 


S 


749 


28. Strong marl 


9 


6 


758 6 


29. Bed sandstone, do 


26 


6 


785 


30. Blue vein 





3 


786 3 




6 


3 


791 6 


32. Red sandstone, with veins of marl. . . 


30 


6 


822 


33. Strong marl and sandstone 


17 





839 


34. Red sandstone, do 


16 





855 


35. Strong marl 


20 





875 


36. Red sand and marl 


5 





880 




14 





894 


38. Strong marl, veins of sandstone . . . 


6 





900' 


39. Strong marl 


23 





923 



C^ooglc 



OTRATA. 


Thick, 
Ft 


r 


n. 


Strong mail witt veina of gypsum . . 

Mixed marl and aandfltone 

Marly aandstone, with veins of gj'psum 

Gypsum 

Hard white stone 

Oj'P""" 

Marly sandstone, very salt 

Decayed red marl, with salt 

IM ymhmll 


7 

2r 

141 
4 

:j 

3 

1 

10 
9 






9 
6 
1 
3 



930 
957 
1098 
1102 
1106 9 
1109 3 
1117 4 
1127 7" 
1136 -• 


Itock salt 


66 





1203 


Salt, with marl and gypsum 

Gypsum containing salt 

Soft shale, with salt and gj-psum 
Soft white shale 


19 

7 

■2 








1222 
1229 II 
1236 
1238 « 


Gypsum and antrydrite 

Ndijiicslan limestone (liberation of gas) 
Grey limestone 


23 
32 
13 







1261 
1313 
1328 


Gypsum 

Gypsum, containing salt 

Mock salt 


8 

1 
14 







1336 

1337 
1351 


Marl containing salt 

Marl with gypsum 

Impure mtt 


2 
1 

1 







1353 

1354 
1356 



■40-46 per cent, of Salt, only 3 feet core, frosh water being used. 



Section by Mr. John Marley, C.E. (Brit. Asaoc, 1863), 
of Strata Sunk and Bored through at MidcUesbro, for Messrs. 
Bolckow Vaughan & Co. Began 4th July, 1859. Diameter of 
borehole 1ft. 6in. Boring ceased 29th August, 1863. Messrs. 
Mather and IMatt's process : — 
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No. BTKATA. 


fThicknea 
Ft. in 


.?n. 


1. Made ground, (Slag chalk, &c.) 


11 





11 


2. Dry slime or river mud 


8 





19 


3. Sand with water 


10 





29 


4. Hud clay (diy) 


10 





39 


5. Red sand with a little water 


1 





40 


6. Loamy sand with a little water . , . . 


3 





43 


7. Hard clay (dry) 


15 





68 


8. Rock, mixed with clay and wat«r 


11 





69 


"• . ,, (dry) 


1 





70 


^^- >, . „ gypsum (dry) , . . . 


6 





76 


H- Gypsum with water 


2 





78 


12. RedsandstonewithamaUveinsofgypsum 


55 





133 


13. Gypsum rock (dry) 


6 





139 


14. Brown shale with water 


1 





140 


15. Red sandstone 


4 





144 


^^- 1. „ with small veins of gypsum 


12 


156 




3 





159 




19 





178 0' 


19. „ , ft. in. 


437 


4 


615 4t 


20. Red and white sandstone . , ( 673 5 


1 


6 


616 10 


21. Bed sandstone J 


215 


7 


832 5 


22- „ „ and clay 


1 





833 5 


23. „ 


52 


3 


885 8 


24- „ „ and olay 


9 





894 8 


25. „ 


66 


5 


961 1 


26. Strong clay 


2 


9 


963 10 


27. Red sandstone and clay 


1 


6 


965 4 


28. „ 


27 


6 


982 9 


29. „ sandstone and clay 


9 


9 


991 9 


30- „ „ with a vein of blue rock 


49 


4 


1051 1 


31. Red and blue sandstone 


1 


5 


1052 6 




6 





1058 6 


**• )i „ and thin veins of gypeum 


1 


5 


1059 11 



Google 



No. 8TBATA. 


Thiclm(«i 
K. In. 


Depth. 
Ft «. 


34. 


Bed saadstone andthinveinaof gypsum 


39 


8 


1099 7 


35. 


„ „ blue clay and 


gypsum.. 


1 


2 


1100 9 


36. 


„ „ with veins oi 


gypsum. 


87 


3 


1188 


37. 


Gypsum 




3 


2 


1191 2 


38. 


White stone 









8 


1191 10 


39. 








2 


8 


1194 6 


40. 


Bluerodt 









2 


1194 8 


41. 


Blue clay 









2 


1194 10 


43. 


Hard blue and red rock . . 









10 


1195 8 


43. 


„ white stone 






2 


7 


1198 3 


44. 


Dark red rock 






1 


2 


1199 5 


45. 


„ „ rather salt 






6 


7 


1206 


46. 


Salt rock, rather dark 


(I-)' ] 


12 


7 


1218 7 


47. 


„ very dark 


(2-) / 


4 


1 


1222 8 


48. 


,, very light 


(3-) \ 


3 


6 


1226 2 


49. 


„ rather dark 


(<•) , 1 


27 


4 


1253 6 


50. 


„ very light 


(5.) \ 


43 


6 


1297 


51. 


„ rather light 


(6.) ■; 


9 





1306 


52. 


Limestone 




1 





1307 OJ 


53. 


Conglomerate 




6 


' 


1313 i 



The following aDalysia of No. 5 bed, was made by Mr. 
John Pattinaon, of Newcastle-on-Tyne: — 

Percent. 
Chloride of Sodiiun , 
Sulphate of Lime . . 
Sulphate of Magnesia. 
Sulphate of Soda. . . . 

Silica 

Oxide of Iron 

Moisture 
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A boring iot coal was oommeneed in 
Falkland, in Kirklivington, and carried 
1858, under the superintendence of my 
Eeid, M.E. :— 

1. Beddish clay 

Fine sand 

Course sand 

Fine sand 

Beddish clay 

Yellow sandstone . . 

WLita sandstone, hard 

Sand and gravel .... 

White sandstone 
10. Sand and gravel .... 

Light bluish sandstone 

White sandstone, extra hard 

Light fire clay 

li Light fake (Scotch for shale) 

Bed sandstone, in one bed . 
16. Bed fake and "blae"{Scotch 

for sandstone) 

„ sandstone, hard 
soft 
„ fake and blue . , 

Saudstone, extra hard, 

Fake 

Sandstone, extra hard 

Fake 

Sandstone 

Fake 

Sandstone 

Fake and clay 

Sandstone 

Clay.... 

Light red sandstone 

Bed sandstone in bed 



1856, for Loid 
on in 1857 and 
friend Mr. P. S. 

ft. in. 

27 

7 

4 

10 

51 

8 

9 
4 

1 6 
3 3 

119 10 

11 

1 5 

2 6 
204 3 



1 





1 


1 


18 








3 


2 


3 


7 


3 



3 9 

7 

1 9 
13 8. 



3 (jiOOglc 



lOB 

Ma^eaiiim limeBtone ? 

Red fake \ 

„ fake and clay ,' 

„ fira clay ) 

Magnesiuia limestone P 

Fake and clay 

Magnesium limestones 

Ked fake and clay 

Sandstone, hard 

„ in bed 

Light red sandstone, hard 

Red sandstone, extra hard 

„ „ and beds of fake 

„ shale with bands of red sandstone. 

Grey pyritic sandstone 

Red shale with beds of hard red aand- 

Btone 

Oypsum, (called " chalk and pipe clay," 

by men) 

Red shaly sandstone 

,, sandstone with a shaly appearance 
Shaly sandstone and gypsum 
Sandstone, with carb. and sulph. of lime 

Ditto 

Ditto 



9 




6 




3 




1 




5 




9 




4 




4 




1 




6 


4i 


16 


2! 


1 





24 


3 





9 



710 



Mr. Reid is of opinion that the beds 33, 37, and 39 are 
not truly referable to the magnesium limestone ; Mr. 
Morley, C.E., however, considered these beds to belong to 
that formation, and the lower part of the boring to be in the 
lower permian sandstone. 

Still further west, two borings for coal were put down at 
Woodhead, near Great Smeaton, in 1789, by G^enereI 
Iiamhton, the one 396 feet deep, the other 444 feet. 



The foUowiag section is given in the GTeological Sooieiy'a 
Transactions, Vol. IV. : — 

WOODHEAD BORINGS, 1789. 



1. r Soil and brown clay 

3. I Dark strong clay, with white boulders 
r Red metal stone with grey 

girdles 

Bed stone with white girdli 
Grey and white atone .... 
Gypsum, with flinty lumps . 
Blue whin, with sulphur water 
Strong white post, whin gir- 
dles 

Bastard whin 

Strong white post, with whin 

girdles 

Blue grey metal stone with 

white sears 

13. G^ypsum .- 

13. Soft red stone 

Red and white post 

White post with red scars 

Red, white, and grey post, 

red partings 

Soft hlue-grey metal 

Grey and white post 

Strong blue-grey atone 

20. 1 Strong white and grey stone. . 

31. 189 4/ Whin 

Mixture, whin 

Strong white calcareous post 
and white girdles. . . . 



8 





2 


6 


6 





19 





18 





27 





4 
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The 190 feet of white Bandstone in the boring has been 
referred by some to the millstone grit, but probably 
belongs to the waterstone, as suggested by Mr. Peacock. 
He stated the sidphur spring met with in the boring, used at 
Middleton Spa, was also found in a search for gypsum, in a 
boring at Ormesburg (Mr. Pennyman's lodge gates,) near 
Middlesborough, in 1851, a depth of 40 feet, the section 
being : — 

ft. in. 

Clay and sand 7 

Redclay 14 

Blue metal 3 

Ironstone girdle 4 

Bluemetal, with aulphurwaterat 16ft. 16 8 

41 
Two miles north-west of the Woodhead boring at Ery- 
holme, a boring was put down in 1^09, by Mr. George 
Allan, M.P., of which the following account is given by Mr, 
Peacock: — 



Sand 

Clay and cobble atones j Drift, 

Quicksand [ 34ft. 

Cobbles and sand ) 

Rod sand poet (water) 

Grey sand post 

Ditto, rather hard clay following 

Bed soft sand post 

Strong red post 

Soft red post, not so red 

Hard dark-red post 

Clay and post ; 

Bed post 

Flooring J Grey 

Hard grey post ) beds 



ft. in. 


ft. in. 




12 




16 




2 


34 


4 




60 




3 




121 




3 




300 




12 




90 




3 




24 




. 1 




12 








666 


doiGoc 


8f~" 



1 


6 


1 


8 


2 





6 


4 


1 


6 


21 





5 





33 





12 
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Coatbam Boring, 1867, (commaQicated by Mr. 
M.E.) :— 

Depth. 
ft. in. 

1. Clay 6 

2. Blue shale, with dagger band . . . 

3. ]S^odiilar band 

4. Blue shale 
d. Nodular band 

6. Blue shale 

7. Nodular band 

8. Blue shale 

9. Bastard post grey 
^ 10. Blue shale, with hard band 

11. Dark shale, with sulphuretted band 165 

12. White and grey post, with water 
(brim) ... . 

8 i 13. Red and white mottled post, and 
blue and white 

14. Dark blue metal, with whin girdles 

15. White shale... . 
ri6. Red marl, mixed with~ 
I gypsum 

I ! 17. Whin band 

J^ll&Redmarl 

tJ' 19. Whin band 

j5 20. Red marl, strong 

21. Gypsum 

.22. Red marl ...J 341 



Works for the manufacture of salt formerly existed at 
Tod Point, but Mr. Peacock states whether sea water or the 
brine spring from the sea was used, is doubtful. About 
1856, a 6 feet shaft was sunk on the marsh near Coatbam, 
by the late Mr. Slate, of Redcar, in a fruitless search for 



12 





19 





18 





74 








2 


23 
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cool, a strong brine was met with, to find which the above 
boriog was put down to find, but the brine spring met with 
did not realize expectation. 

This boring is Taluable as showing the actual junction of 
the lias and marls with gypsum, which latter, aa pointed out by 
Mr. Peacock, are 28 yards thick in the Middleeboro' boring. 
The limestones, thick salt beds, and gypsum in that boring, 
are probably referable to the Permian, the intervening beds 
oi red aandatone, 673 feet, are probably referable to the 
Water Stones and Lower Mottled Bunter, the Upper 
Mottled and PebUe Beds having thinned out. 

In conclusion, it would appear that a gradual overlap 
eastwards, takes place in all the triassic strata, along a north- 
east and south-west line, the more marked transgression 
being that at the base of the Keuper Waterstones, and at 
the base of the Pebble Beds of the Bunter. Lines of 
extensive erosion occuring at the base of the Keuper building 
stones and conglomerates, and on the base of the Pebble 
Beds of the Bunter. The great thickness of these triassic 
deposits in the uorth-west, is proved by these borings, and 
and their thinning out to the south-east, is established, and 
has an important bearing on the depth to concealed coalfields 
as well as on the water bearing capacity of the Triassic 
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TRANSACTIONS 

07THB 

MANCHESTER GEOLOGICAL SOCIETY. 

Faet TI. Vol. XV. Sissroir 1878-9. 



An Obsinahy Mbbtinq of the Members of the Society 
waa held on Tuesday, the 25th March, in the Literary 
and Philosophical Society's Kooms, George Street, Man- 
chester ; 

E. W. BiNHBT, Esq., E.II.S., Vice-President, 
in the Chair. 



SAFETY LAMPS. 



By Mesare. "William Smbthukst, F.G.8., and James 
Abhwobth, Mining Engineers. 



The most important question a mining engineer of the 
present day has to decide, on the opening up or continuing 
the safe working of coal mines, is which safety lamp he 
ought to choose, out of the large number now invented, to 
ensure the greatest security for himself, his workmen, and 
the mines under his care, amidst the ever varying condi- 
tions met with in their working. 

Hitherto IMb decision has been left entirely in the hands 
of the mining engineer, and the consequence is that he has 
generally chosen the safety lamp which his training has led 
him to consider the best. 
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It is singular that our Government should have allowed 
BO much latitude in the lighting of mines giving off fire- 
damp, when we consider the stringent regulations enforced 
hy Acts of Parliament to protect persona working in such 
mines, and there can be little doubt that if this question 
had only received greater attention, we should not have had 
80 many lives lost by explosions during the last few years. 

Therefore, with the certain knowledge that the members of 
this Society will bring forward all the inforznation they can 
to second the few observations we have to ofier, we now 
introduce this subject. 

Papers on Safety Lamps have been read before kindred 
societies, experiments have been made both by committees 
of mining institutes and privately by mining engineers, and 
in one instance by a Royal Conmiiasion specially appointed 
for the purpose by the Belgian (Jovemment, and yet in no 
instance except the latter have the experiments so made 
resulted in any practical good. 

Only those lamps approved of by the Commission referred 
to, and made according to the proportions specified in the 
decree, are ^owed to be used in Belgium in mines giving 
off firedamp. 

And we may here express our hope that the Royal Com- 
mission just appointed by our own Government may, after 
full investigation, report in favour of a similar law, as the 
importance of having some additional compulsory r^ula- 
tious regarding the lighting of mines has been forced on the 
attention of everybody, and ought not to be delayed longer 
than is compatible with a very careful enquiry. 

A few months ago the Council of the North of England 
Institute of Mining and Mechanical Engineers considered 
that this question required the immediate attention of our 
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CbTenmient, and with tlie viev of obtaimng the opiniona of 
all the Mining Societies and ABsociatioiis in this ooontry, 
they sent ont invitations asking for representatiTes to meet 
them on th^ 15th of February last. Some accepted, some 
did not ; but it mattered little, as the Cbvemment took the 
country by snrprise by appointing a Boyal ConmuBsion early 
in February to fully investigate the whole of the p<Hnts 
bearing on mining disasters, thns granting the request 
before it was actually made, and consequently causing the 
abandonment of the proposed movement. 

Without entering into the history or cause of our making 
experiments on s^ety lamps, suffice it to say that they were 
commenced prior to the Haydock explosion last year, and 
received additional impetus from the iact that the only 
reason which could be assigned for the first lightiag of the 
firedamp in that cose was the passage of the flame through 
a Davy lamp gauze in a very ordinary velocity of the venti- 
lating current. We do not doubt that such was the case, 
assisted by the fine coal dust with which the ventilating 
current would be charged during working hours. 

At Brynn, where we have made experiments on safety 
lamps, and which are being continued by Mr. Smethurst, 
Ukere is a most important item to aasist in the successful and 
practical pursuit of such an investigation, viz., a good supply 
of pare firedamp from that most dangerous of Lancashire 
coal mines, the Wigan six or nine feet. 

After proceeding with our experiments for some time, we 
had to admit that many of the researches we should wish to 
pursue, to render our tabulated tests anything like complete, 
would occupy more time dmn we could devote to them, and 
we consider the experiments made thus far are only 
preliminary ones. Had we not promised to bring the 
subject forward at Uiis meeting, we should certainly have 
delayed doing sa 
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We found, in coiiductiiig our experiments, that we must 
study the results obtained by other experimenters as far as 
possible, and in doing so, we searched some of the etaudard 
mining works, and were surprised to see how meagre is the 
information given on safety lamps. 

Our surprise on this point was intensified when we found 
so long ago as the year 1833, a Dr. Priara questioning the 
safety of the Davy lamp, and it is also a curious fact that 
more persons having no experience of its use have questioned 
its safety, than those who have, and it would be hard ffl 
explain how it is that we have gone on working with this 
lamp for so many years in fancied security in spite of most 
deiinite warnings of its insecurity in a low velocity of the 
ventilating current. 

Yet so much confidence has been placed in the Davy 
lamp, that in explorations, after explosions, it has been the 
lamp asked for and preferred before all others. 

In the first volume of the Transactions of the North of 
England Institute of Mining and Mechanical Engineers 
there is a paper on Safety Lamps, by the President, in 
which he gives details of some experiments made by him ia 
May, and also by Mr. T. J. Taylor, in June, 1853, with 
Davy lamps placed on a revolving arm in an explosive 
atmosphere of firedamp and air, resulting in the passage of 
the flame through the gauze in a velocity of 13 feet per 
second. Probably the reports of the Committees of 1835, 
1849, 1852, and the South Shields Committee, caused Mr. 
Wood to make the above experiments in 1853, for they all 
come to the conclusion " that the Davy lamp was absolutely 
" unsafe, and that no doubt can remain that it has been the 
"cause of some of the hitherto unaccountable accidents 
" which have occurred ; also, that, where a proper degree of 
" ventilation does not exist in a mine, the Davy lamp, or 
"any modification of it, must be considered rather as a lure 
" to danger than as a perfect security," 
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Even at this date, the danger of coal dust in tho 
TQntilating current waa recognised by Mr. Darlington, who 
said " that there are very numeroua instances of accidents 
" which could only be attributed to dust flying off a hot 
"lamp in sparks, and thus creating an ■explosion." 

The attention thus called to the safe lighting of mines 
caused the North of England Institute of Mining and 
Mech^cal Engineers to appoint a coiumitteo to thoroughly 
investigate the question, and five years were spent in 
experimenting before they presented their second and final 
report in December, 1867, which contains the following 
evidently reluctant admission : " They wore obliged to make 
" known the insecurity, under certain conditions, not pre- 
" viously fully appreciated and realized, of the safety lamps 
" so long looked upon as the safeguard of the miner." 

This committee did not conclude their labours before they 
had tested a safety lamp of the Clanny type, with an 
improvement suggested by Mr. Lindsay Wood, and so 
highly did they esteem it, that it was proposed to call it the 
" Institute Lamp." 

The improvement was very simple, and consisted in 
placing a gauze of small diameter, and rather shorter than 
the height of the glass, immediately over and surrounding 
the flame, but it does not appear to have come into general 
use, probably from the fact that it would give a very 
deficient light, and the small gauze would soon be sooted up. 

These experiments were followed, in the year 1876, by 
the report of the Belgian Commission before referred to, 
which made a very extended and careful series of experi-- 
ments without going over the same ground as the North of 
England Institute — in fact, beginning, where the latter left 
off. 

Again the result had a practical ending, as the Belgian 
Qovemment adopted the suggestions of their Gommission, 
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and mode tlie Tue of the Mneseler lamp, of certain specified 
dimeoaions, oompnlBOty tiiroiiglioQt all minoB giving oS 
firedamp. 

We are enabled to place before you a translation of the 
whole of the experiments ; firstly, through the kindness of 
the Chief of the Belgian Mining Department; and, secondly, 
through the practical assistance of Mr. C. O. Jackson, of 
the Wigan Coal and Iron Company, who has taken a great 
interest in our tests. 

Before stating tie results of cm* own experiments we will 
shortly give a history of the safety lamp. 

The first attempt to light a mine giving o£F firedamp by 
anything excepting a candle, or other open light, was by 
phosphorescent fish skins ; secondly by the steel mill, which 
was only safe np to a certain point ; and thirdly by Dr. E. 
M. Claimy's first safety lamp invented in 1813. 

This lamp deserves particular notice, as it was the first 
lamp ever taken into an explosive atmosphere, viz., on 
November 20th, ISIS, without accident ; its safety consisting 
in the fact that the air necessary for the combustion of the 
flame was blown into the lamp through a stratum of water in 
the bottom of the lamp by a pair of smaJl beUows, whilst 
the heated gases passed out through a recurved tube at the 
top. 

l)r. Clanuy tben made another lamp, in which he intro- 
duced the steam of water generated in a small vessel at the 
tap of the lamp, and heated by the flame. Both these lamp^ 
were too clumsy for the ordinary work of a coal mine, and 
required the constant attendance of a boy to work the bellows. 

It was not until three years later that the lamps which 
are still in general use were designed by Sir H. Davy anil 
Mr. Stephenson. 

During the interval, Mr. Tennant had noticed in his 
"Besearcbes on Flame " tbat burning gases would not pass 
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through tubes of a certain diameter ; and this principle Sir 
H. Davy further applied by discovering that flamo would not 
pass througli a great many appertnres, when their depth 
vaa equal to their diameter. 

Sir K. Davy communicated his discovery to the Philoso- 
phical Society in 1816, in a paper entitled " An account of 
"an invention for giving light in explosive mixtures of 
"firedamp in coal mines by consuming the firedamp," and 
in January, 1817, a further paper on " Some new experi- 
"ments and observations on the combustion of gaseous 
"mixtures, with an accoimt of a method of preserving a 
" continued light in mixtures of inflammable gases and air 
"without flame." 

Mr. Stephenson in his invention applied the principle that 
burning gases would not pass through tubes of a certain 
diameter, as his original lamp consisted of a glass cylinder 
with a perforated metal cap, to allow the heated air to 
escape, and a series of perforation)! in the bottom to admit 
the air necessary for the combustion of the flame, and the 
whole being surrounded by a sheet iron covering, containing 
large round holes to allow the light to pass outwards. 

In the Stephenson lamp of the present day, this sheet 
iron covering is replaced by gauze, which constitutes 
practically the only diflerence between the form of the lamp 
as originally constructed, and the one now in every-day use. 

Dr. Claimy, not disheartened by the practical failure of 
bis first two lamps, invented and constructed another in the 
present well known form. 

If we were to describe the whole of the safety lamps which 
have been invented since the throe already described were 
brought out, we should find that the general principles of 
all of them originate from the Davy, Stephenson, and 
Clanny types, with the addition of metallic tubes in some 
instances. 
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The uiunber of lampa inrented between 1853 and 1875 
aTeniges about six per annom ; and great efforts hare 
evidently been made to invent lampa with locks tlat 
cannot be tampered with, or if tampered with, will cause 
the extinction of the flame, and, also, to ensure the total 
extinction of the flame when firedamp explodes in the lamp. 

Of locked safety lamps, the best known types are those 
with the screw lock, the padlock, Craig and Bidders' mt^- 
netic lock, the lead rivet, and Teale's protector lock. 

Of the type of lamps which are self-extinguishing when 
the firedamp explodes in the lamp, the best known are the 
Stephenson and the Mueseler. 

Of improvements to produce a hetfer and more brilliant 
llgkf, wc may name the Mueseler, the Williamson, and all 
classes of lamps using colzaline oO.; and we wish to observe 
in passing that firedamp can be more easily detected by 
lamps using this oil than by lamps using ordinary lamp oils, 
this effect being due to the cleamesa of the flame. 

Of safety lamps of improred construction, the numbers are 
too numerous to make it worth while giving a list, but tbe 
following are in actual use : the Mueseler, the Bainbridge, 
the Williamson, and the Pelton. Most of the lamps un- 
named, although safe, are either too complex in their con- 
struction, too heavy (for instance the electrical lamp) or 
have some great fault which their non-practical inventors 
could not realize. 

Of safety lamps /or use by firemen in making their dafl.v 
inspections, no lamp has in this country yet replaced the 
Davy or the Stephenson {with a shorter gkss cylinder than 
ordinary workman's lamp), although a smaller percentage 
of gas can be more readily detected by the Muesaler than by 
any of the above-named lamps. 

The continued use of the Davy and Stephenson lamps by 
firemen probably arises from the fact that they are more 
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adapted to the ordinary method of shot lighting than any- 
other form of safety lamp. 

A difficulty is here met with in the shot lighter, who muBt 
use a lamp so constructed that he con heat his wire in the 
flame, and still have as safe a lamp as any in the 
mine; his lamp heing often put to more severe tests 
than any other, and if a hlown out shot takes place it 
would be the first to receive the concussion, the increased 
velocity, dust, and heated atmosphere. So far as our 
experiments have gone, the best and safest lamp to be used 
by a shot lighter is one of the improved "Jack" Davy 
lamps, referred to in this paper. 

When commencing our experiments, we decided te 
construct with wooden boards a model of a coal working, 
consisting of two levels, and a cut through of 12in. by 6in. 
section, and three drifts out of the top level 12in. by 12in., 
with a brattice up the centre, with glasses placed in the 
sides in various places, to enable us to observe the effect pro- 
duced when an explosion occurred. 

We placed a sound Davy lamp at the top end of the drift 
(No, 3) nearest the upcast, filled No. 3 drift with gas, and 
then charged the ventilating current, which had a velocity 
of 9 ft. per second, with a certain amount of gas, and as soon 
as the gas showed in the lamp the brattice in No. 2 was 
altered to allow the gas stored up to be carried by the current 
on to the lamp, resulting quickly in a heavy explosion which 
did practically no damage in the drift whore the lamp was, 
nor in No. 2 except to split the boards on the top and 
bottom, but No. 1 and the cut through were completely 
destroyed, although the wood was oak boardings of 1 J in. 
thick.~ This experiment was repeated with exactly the same 
re^t, thus showing in an experimental way that the greatest 
damage is not necessarily caused at the seat of the explosion. 
Aft«r this experience we used only the straight level with 
escape doors, to give the force of the esplosion free exit. 
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The velocity of the air current was regulated and main- 
tained by a steam jet, and in our later experiments regis- 
tered by a Dickinson's aneomometer up to lift, per second, 
and by a Biram above lift. 

In all oui- latest experiments, the Dickinson was constiratly 
in the tube, and the velocities were accurately tak^i at the 
exact time the explosion occurred, and all Tariation in the 
velocities during the tests were also accurately registered. 

The records of our earlier experiments are not so complete 
as we could have desired, in consequence of the breakage of 
the Dickinson anemometer. 

The lamps we have experimented on so far are : — 

Davy type. — Ordinary Davy, hx^ and small Scotch lamps, 
improved Davy by Mr. Smethurst, Do. do. by Mr. Ashworti 
and Mr, Woolrych, Davy of small diameter of gauze by 
Mr. U. E. Dickinson, and " Jack " lamps. 

Clanny type. — Large and small Clanny'a, Mueseler's lamps 
by various makers, Williamson, Peltort, Bainbridge, Eloin, 
GJray, Glover, and Gail. 

Stephenson type. — Ordinary Stephenson and "Williamson. 
With the following results ; — 

An ordinary Davy, with the shield down, in a velocity of 
pure air of 30 ft. per second, without gas, and the flame 
facing the oarrent, went out in 45 seconds. 

Do., with shield towards the current, went out in 4 seconds 
to 15 seconds. 

Tests mth velocity of SOJi. over 3 minutes of time : 

Davy, with shield up, went out at once. 

Clanny lamp, in the same velocity, went out in 3 minutes; 
light very flickering ; not a working light. 

Williamson, ia the same velocity : light very flickering ; 
not a working light ; not out. 

Ashworth and Woolrych's Davy ; flickering light, but 
steadier than the others ; not out. 
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Stephenson : light very fiicksrin^. 

Small Mueseler : good working light, and steadier than the 
others. 

Aahworth'fl large Mueseler : very steady light. 
Tesis with velocity ofS8ft. per second over space of 3 mmutet. 

Cknny : very little light ; out in 1 minute 7 seconds. 

Stephenson, with large flame : not a working light at all ; 
not out. 

Ashworth and Woolrych's Davy — Teale's oil ; flame very 
fiickering ; not out. 

Small Mueeeler: light much reduced ; not a working light; 
not out. 

Ashworth's large Mueseler : steady working light. 

Some details of the experiments are set forth on the next 
page. 
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From the list of experimentfl on Davy lamps, it will be 
seen that the smaller the diameter of the gauze the greater 
ie the reeistance to the flame passing, arising from the fact 
that the volnme of gas burning inside the ranall gauze is 
not suffinient to heat it so quickly as the largo volnme 
contained in soch lamps as the Scotch gauze lamp. 

It win be plain from the experiments that a Scotch lamp 
ought not to be classed as a safety lamp at all, and where 
used as such, immediate steps should be taken to replace it 
vith a proper safety lamp. 

From the list of e^eriments we deduce the following 
facts: — 

1. That the greater the diameter of the gauze the 
quicker will the flame pass. 

2. That, in an explosive atmosphere, with the low 
velocity of seven feet per second, and without coal dust, 
the Davy lamp, as ordinarily constructed, is unsafe. 

3. That, whatever may be the height of the tin shield, it 
is no protection or safeguard against the flame passing ; in 
fact it adds to the danger. 

4. That, if a cylindrical glass shield is used, as in the 
"Jack" lamp, an<l the smoke gauze made so long that the gloss 
shield overlaps it by over a quarter of an inch, the safety of 
the lamp is immensely increased, and the flame will not pass 
until either the glass is broken up by the heat, or the 
double thickness of gauze becomes heated sufficiently fw 
the flame to pass. 

5. That a Davy lamp constructed after the design of Hr- 
Smethurst's Jack lamp, or Messrs. Ashworth and "Woolrych's 
Jack- Davy lamp, is still safer. 

6. That, in many oases, a Clanny lamp cannot be con- 
sidered any safer than a Davy lamp, and this remark will 
also apply to the Bainbridge lamp. 

7. That a ventilating current, containing a very small 
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per oentage of gas, just enough to elongate the Aame, and 
followed by a highly explostre body of gas, is the moat 
severe teat that a lamp can be put to, and very few oaa 
stand it. This fact is also noticed by the Belgian Com- 
nuBsion. 

We regret that we have not had time to make a proper 
series of tests with coal dust, combined with firedamp and 
air ; but we may state, as showing the importance of this 
part of the enquiry, that Mr. QaUoway, in his most recent 
e:q>eriments, has proved that a mixture of some coal duets 
(not all) and air, at the ordinary pressure and temperature, 
beoom«e inflammable whm 0*892 per cent, of firedamp is 
added, and it then bums with a red smoky fisme. 

To test the effect of ooocassion we made a few tests, none 
of which were successful; but having seen euccessful experi- 
ments of this class, we are satisfied that if an ordinary 
Davy lamp is Btanding in an explosive atmosphere, or if an 
explosive atmosphere suddenly surrounds the lamp at the 
moment of concussion, the fiame will pass the gauze with- 
out its becoming red hot. 

As probably some expression of opinion will be expected 
from uflj'with respect to the lamps we have tested, we state 
most emphatically that the Davy lamp, as ordinarilv con- 
structed and in daily use, is not safe in. coal mines giving 
oat firedamp ; more especially as their working necessitates 
increased ventilation, and therefore, at least in some parts, 
increased vdocities. 

A lamp, to be a good and safe lamp, must give the 
maximom quantity of light, and tlius remove one great 
temptation to the opening of the lamps clandestinely, and 
farther the light must be a steady one in a current of the 
the highest velocity. 

The lock should be simple and effective, and the opening 
of the lamp ahoold extinguish Hie lighti 
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The lamp elioald be adf-ractrnguishing in an esplome 
atmosphere. 

Eveiy lamp ehoald be made ac«ording to such pro- 
portioDa and dimeimonB as experimoit has proved, or nay 
prove, to be the safest. 

The Torlmien's lamps shoold be cleaned at the col- 
lierj, and be deKvered to the workman ready for use, 
vithoat further examination, exoeptLag so far as regards the 
looking ; and, where practicable, every lamp should be tested 
as it comes out of the pit ; and a new lamp before it goes 
dovo, by placing it in an explosive atmosphere. (This test 
is now carried out at some collieries.) 

Of all the lamps we have tested, the one that gives 
the steadiest and best light, simple construction, and self- 
extinguishing, is the Mueseler ; and it is also the best for 
proving the existence of a small percentage of gas in the 
ventilating current. 

The Clanny lamp is very little, if any, safer tlian ^ 
Davy lamp. 

- The Eloin is quite safe but too sensitive, the Gray 
and the Felton are safe but very heavy, the latter being 
complex in its construction, and giving a very poor light, 
excepting Lu a nearly stUl atmosphere. 

It is important that the oil used should be the best 
that can be bought, and should be free from admixture witb 
explorave oils, as the Belgian Commission found that this 
admixture lessened the safety of the lamp. Here, again, a 
another objection to workmen cleaning their lamps at htoae, 
because many of them buy inferior oil, which is only made 
bomable by the addition of large proportionB of paraffin or 
petroleum oil. 

In conclusion, we may state that the experiments aie 
still being carried on, and the result we trust, will prove 
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of a practioal nature, and tend to lessen tlie riaks now 
incurred. 



Tlie Chaibuait said they must all feel obliged to the 
authors of the paper for their patient investigation of this 
subject. Man; years ago— certainly over thirty — he heard 
tiie Davy lamp condemned, but the unfortunate term 
"safety" bad enabled it to outlive opposition. He beard 
the lato Mr. Livesey, many years since, mention an instance 
of an explosion arising from a Davy lamp under very ordinary 
circumstances. What seemed to strike him in the paper 
just read was the thoroughly practioal nature of the experi- 
ments which had been made. 

Mr. SHBTHUBffT said there was, at their oolliery, ample 
opportunity for testing any lamp. The experiments were 
conducted on the surface : they bad gas piped off from the 
6ft. mine, wbich was not now being worked. The seam 
yielded large quantities, and the arrangement described had 
been made so that they could test any lamp in a second or 
two by actual ooal gas. 

Mr. Dickinson said be bad, on two occasions, bad tbe 
opportunity of seeing Mr. Smetburst's experiments, and was 
therefore, perhaps, more conversant with the subject than 
some of those wbo bad not bad the same opportunity. 
Before the diecnssioa was entered upon, be would like to 
allude to three points in the paper : 1st. tbe reference to 
tbe Oovemment not baying taken tbe same interest in 
placing in tbe bands of the miner a safe lamp, as they bad 
taken with regard to other measures of safety. He might 
say that wben application on that point was made to Mr. 
Cross, tbe Secretary of State, by Messrs. Ashwortb and 
Smetburst, be took a lively interest in the matter, u)d 
^[pressed bis desire to favour their views so far as 
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poosible ; and it was only whea iixe matter was brongKt 
nndeT the notice of the Treasury that, Beeing the difficultiefl 
whidi might arise with respect to other ioTentors, the 
CKiTemment thought it had better be left in the hands of 
the public. The Becond point ia the paper was with regard 
to the name "Blantyre" given to the Scotch lamp. He 
thought if it were called a Scotch lamp it would be better 
appreciated by the Blantyre people, as they did not consider 
it their lamp at all. The third point was with respect to 
the shield. There were different kinds of shields to safety 
lamps, and different kinds were nsed in making the esperi- 
ments. Those made of glass encircling the lamp gave 
greatly increased security ; but the ordinary metal shield 
which only encircled one-half of the lamp, when facing the 
current, hastened the passage of flame through the gauze 
considerably. He considered the latter point partumlaily 
worthy of the attention of members taking part in the 
diBcossion. 

Mr. Smbthubst said, with regard to the first point, the 
remark alluded to in the paper did not apply to the Govern- 
ment since these experiments began, but previously. Be 
thought the Government had not gone properly into the 
matter when framing former Acts of Farliameat. In the 
paper only one Blantyre lamp was mentioned, and it 
actually came from Blantyre, having been brought by Mr. 
Pickard. He thought, also, that it was mentioned in the 
paper that, with the ordinary tin shield^, the lamp was more 
unsafe than without. In the glass shield they had, of 
course, quite a difTerent thing. 

The Chaibman : It is rather a singular fact that Sir 
Humphrey Davy recommeuded the shield especially, becatue, 
he said, when there was a current it rendered the lamp much 
safer. 

Mr. Smethbrst: We found that, with the shield — it* 
face being against the current — the light was throvn 
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upwards, so that tlie flame impinged againat the lampi just 
orer the top of the shield, no matter how high that was. 
The consequence was, the whole heat became concentrated 
on one point, whereas, without the shield, it heated all the 
gau2Q before the flame passed. 

Mr. Geo. "Wild, referring to the narrow and wide-gauze 
Davy lamps, said his (Mr. Wild's) experiments were made 
with a blower of gaa impinging against the gauze of the 
lamp, and he foimd that the narrower the gauze the sooner 
the explosion occurred. The wide-gauze Stephenson lamp 
took a much longer time to explode than a narrow gauze. 

Mr. Smbthcbst said that Mr. Wild's experiments, with a 
blower of gas, were quite different from theirs, where the 
several lamps were placed in a small model of workings, the 
whole atmosphere contained in which was impregnated. 
They tried different sizes of gauze cylinders, from | inch 
upwards, and always found that the smaller the diameter of 
the cylinder the greater the safety. If any member of that 
Society would like to see a lamp tested, every possible facility 
should be given him for his doing so. 

Mr. Wilkinson asked if it was not a great objection to 
the Mueseler lamp that if inclined at the least angle it went 
out ? Were the mines in Belgium flat or steep mines P 

Mr. Smbthoest said the Mueseler certainly did go out, in 
an inclined position, but, with the new regulation chimney 
or funnel, it might be placed at a considerable angle before 
it went out. It gave fair warning before it began to go out. 
This liability to go out, when inclined, was not a bad thing ; 
it was, rather, in its favour, that it made the collier keep his 
lamp straight up and steady. 

Mr. Dickinson said that it was, besides, a great protection 
in preventing the flame from impinging on the glass and 
thereby cracking it. It only wanted care, with the Mueseler, 
to make it a lamp they could always carry without ever 
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losing light. He used a Mueeeler for four long days at ihe 
dose of last year, and never lost the light ; but twice, when 
he gave it to a noan to hold while he (Mr. Dickinsoii) was 
taking notes, the man put it out. All that it needed wu 
care. The Belgian mines, it should be understood, were 
much steeper than those of Great Britain ; some of them 
were at every conceivable angle. 

Mr. Smbthurst : Our experiments, so far, have resulted 
in favour of the Mueseler. 

Mr. DiCKiMSOH : There are thousands of them in use in 
Belgium. 

A Member said that he had had in use for many months 
a modified Mueseler, and there had never been the least com- 
plaint of its going out. Their mines were at an angle of 
one in six. The lamps were hung upon props when the 
colliers were using them. 

Mr. SuETHtjRST : "Whatever you hang the lamp on, it 
ought to be perpendicular. 

The Chairman : When I tried the Mueseler, many years 
ago, the colliers objected a good deal to t^e glass: they 
seemed always to have a great fear of it. 

Mr. Smethubst : And yet in Belgium the percentage of 
glasses broken in these lamps is very small indeed. We 
never had a broken glass in a Mueseler lamp yet, with all 
our tests. 

The Ohairhait said that great improvements bad taken 
place in lamps since he first knew them. He remembered 
the time when, in this district, a lamp was never seen in a 
mine ; they always tried for gas with a candle, and some 
colliers were remarkably adroit in cutting off the flame from 
the candle; but now and then an explosion occurred. Then, 
he had seen lamps, in mines, almost red hot. He had been 
in a mine where there were nearly a dozen lamps in thst 
condition. He reoolleoted attending a lecture by the late 
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Dr. Murray in this city, who gravely told his audience that 
a lamp was safer when red hot than otherwise. That 
gentleman, he supposed, could never have been in a pit in 
his life. But, in the nature and use of lamps, far greater 
care waa bestowed now than used to be ; still it was highly 
desirable that these warnings about lamps not being safe 
should be attended to, and he hoped Mr. Smetburst's 
offer to allow experiments with any lamp that might be 
brought for the purpose would not be lost. He thought 
probably that there should be a committee of practical 
men — if any doubt existed — who should go and see the 
experiments, and experiment themselves. So far as he 
could hear, those described were the most complete set 
of experiments he had ever heard of. Nearly all the 
lamps in use, or that had been in use, appear to have 
been tested. 

Mr. Smbthtjrst : We have tested almost every one. We 
shall be very glad if your suggestion is acted upon. 

On the proposition of Mr. Livesbt it waa decided to 
postpone further discussion until Mr. Smethurst has pre- 
sented the second part of the paper to the Society. 



NOTES Olf A RECENT BOKING IN OPENSHAW, NEAR 
MANCHESTER, "WITH REMARKS ON THE MAN- 
CHESTER COALFIELD, AND THE DISTRICT TO 
THE EAST OF IT. 

By Mr. Jahss Atuerton. 



It is of the utmost importance to Manchester, the 
metropolis of the cotton manufacturing district, and the 
seat of so many other large industries, that its coal resources 
should at all times be both ample, and, to a great extent, 
nigh at hand. 



Dcillizedoy Google 



The existenoe sroimd Manchester of a plentiful and cheap 
supply of coal has undoubtedly contributed, in no small 
measure in time past, to our manofacturing enocess as a 
nation ; and the continuance of a cheap supply will still 
remain one of the great factors in the nov vexed que«ti(m 
of our retaining the supremacy of the cotton trade of the 
world. 

Manchester is, in this respect, well situated, as it is within 
easy distances of coalfields yielding immense supplies. Its 
various railway systems have at all times been the means of 
pouring in large quantities ; and, in eiddition to these 
contributions by rail, great resources have always been at 
hand from the immediate neighbourhood, and within easy 
carting distances. Manchester could hardly have done 
without the coal brought by rail ; but its greatest 
indebtedness is undoubtedly to the coalfields of Bradford 
and Clayton on the one side, and of Pendleton and Clifton 
on the other. 

As regards the latter district, its many mines are well 
known, and its large resources can be estimated with 
satisfaction ; but, as regards the former district, there has 
not hitherto been the same cheerful reliance. The number 
of the mines which could be counted on was not very 
clearly ascertainable, and unless others were found beyond 
those known a few years ago, the life of this field would 
have been very short. 

Known under the name of the "Manchester Coal Field," 
it consiBted of the "TTpper Coal Measures," which are 
probably here better developed than in any other part of obt 
country. Tliese " Upper Measures " consisted of nine coal 
seams, six of which have been more or less worked. 
The names of the latter, in descending order, are &b 
"Openshaw," "Charlotte," "Three-quarters," "Four-feet^" 
" Yard," and "Two-feet," all being of pretty good qoalitj- 
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The area of the fidd ia little more &an three square 
miles. It is bounded on the north and east by faults, vhilet 
on the Teat it mns under the Permians for a distance, and 
will no doubt erraitnally be found to be there cut off by a 
fault, Thich will again tlirov tiie measures up. 

The dip is about one in three, and a little south of west. 
The thidkeet mine, and in all respects the principal one, is 
the Four-feet Mine. 

It 18 of very good quaUty, a clean, bright coal, and has 
been very extensivdy worked ; indeed, it may be said to be 
now almost exhausted. The other mines being thinner, 
have only been partially worked, and the additional exp^ose 
required to work thin mines will no doubt prevent them 
again being worked to any great extent, so long as thicker 
mines exist in the neighbourhood. There is in the area an 
ahnost entire freedom from &ultB, besides which very little 
water requires to be pumped; and these facts, coupled with 
the nearness to the city and the quality of the mines, have 
rendered this coalfield, though timall, yet a very valuable 
one. 

The rapid exhaustion of this field of late years aroused 
much anxiety as to its future, if indeed it had any future at 
alL The four-feet mine had been usually considered to be 
the same as the Worsley foui^feet mine at Pendleton, and, 
as the " Middle Coal Measures " had there been sunk to, 
Messrs. Livesey, of the Bradford oollleries, determined also 
to sink to these middle coal series. 

It was assumed that the " Crumbourke " of Pendleton 
would be found at about 300 yards below the four-feet mine, 
but aftor sinking at considerable expense to that distance 
they met with disappointment. No doubt Messrs. Livesey 
had many anxious thoughts as they proceeded deeper and 
deeper, and still without success, nor would they be at all 
cheered if they referred to Mr. HuU's Memoirs of the 
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Geology of tliis District, to read tliat " No ooal seam of 
sufiBcient thiokness for working will be found at a less dep^ 
than 616 yards below the Bradford Four Feet Mine." Their 
patience and endurance, however, were not put to tiat 
extreme test, as thej had the satisfaotion of reaching tlie 
*' Parker Mine," both of good quality and of workable l^ck- 
nesB, at a depth of some 450 yards below the four-feet mine. 

It is somewhat remarkable that, as between the " Lower " 
and the " Middle Coal Measures " there is a considerable inter- 
Tal of barren measures, so also between the "Middle" and the 
" Upper Cod Measures " there is a great depth of strata 
barren of workable mines. But the similarity ends here, 
for the character of the strata forming these two barren 
zones is very different. That in the lower zone consista of 
sandstones and shales much like the usual sandatones and 
shales foond associated with the coal seams : but in the 
higher zone there occur shales and sandstones of a purple, 
red, or mingled character, and very unlike those uHoally 
found with the coal seams, whether of the lower, middle, 
or upper series. 

There can be no question that these purple and other 
coloured shales and sandstones have often been mistaken, 
and supposed to belong to other than the carboniferous 
system. They are not very well known. In South Staf- 
fordshire, where they occur in force, they have often been 
supposed to belong to the Permian, whilst others have classed 
them with the " Old Eed," instead of in their proper place 
as true coal measures. 

Any information as to this strata, would therefore be verj 
welcome, and Messrs. Livesey would confer a great public 
boon by communicating to this Society a complete sectimi of 
the measures passed through by them in their sinkings. 

I have no doubt there are many parts of our ooimtry 
where these purple beds btq at or near the mrfaoe, sad 
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where coal lias not been expected, which will yet be dia- 
covered to form valuable coalfields. 

Which mine the " Parker Mine " will correspond with in 
the Pendleton or the Aahtou seiiee, does not yet appear, but 
it will probably prove to be one of the mines immediately 
overlying the Great Hine of Ashton. If this be so, then 
the life of the Manchester Coal Field is indefinitely pro- 
longed, and the underlying mines will form a vast accession 
to the coal resources available for Manchester. 

Wliilst Messrs. Livesey, of the Bradford Colliery, were 
thus endeavouring to prove what was under the four feet 
mine, it became necessary at the Clayton Colliery to be 
looking forward, and to consider what should next be done. 
The mines there abutted against the eastern boundary fault, 
and beyond this &nlt the new red sandatone was thrown in. 
This fault was known to be a large downthrow, but the 
extent to which the upper ooal measures might be thrown 
down could not clearly be ascertained. 

Mr. Bradbury, of the Clayton Colliery, had proposed at 
some time to out through this fault at a depth of some 400 
yards from the surface, in order to find out what lay beyond, 
but as the new red and Permiui measures are almost invari- 
ably very heavily watered, the cutting was deferred until the 
four feet mine should be almost worked out. Owing, however, 
to an accidental circumstance, this determination was never 
carried out, and the fault remained uncut. 

It then became a very desirable matter to ascertain, either 
by boring or otherwise, to what depth the mines were thrown 
down on that side, and of greater importance still to know 
exactly to what depth the Permian water bearing measures 
extended, so that in case of cuttiag through the fault so as 
to work any mines under the Permian, a sufficient barrier 
might be left overiiead so as to avoid bringing the Permian 
waters down into the mines. 
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At the begitining of last year a boring was agreed upon. 
Application waa made to MessTB. Mather and Flatt, of 
Salfoid, and to the " Cumberland Bock Boring Company," 
for the terms on which they would oonduot a boring to a 
depth of Bay 1200 feet, and after consideration those of the 
latter Company were agreed to. 

They were for a specified sum to a depth of 600 feet, and 
so much per foot for every 100 feet afterwards, and were to 
coTor all costs and risks. 

J. Vivian, Esq., G.E., who is the representatiTe of &o 
0. B. Boring Company, then came over, and the site of the 
borehole was fixed upon, and all ammgements made for 
commencing the work at once. 

It was begun at the end of April, and was continued hj 
hand until the boring machine was put up. 

The engine and machine were got ready for work early 

in May, and by the Ist of Jime the depth bored waa 279ft. 

By the 1st July . . 523ft. I By the 1st Oct. . . lllOft 

„ Ist Aug. . . 840ft. „ Ist Nov. . . 1210ft 

„ 1st Sept. . . 1023ft. I „ 7th Deo. . . 1300ft. 

The hole was lined with tubes, the sizes and lengths being 

as follows : — 

9in. diameter to a depth from sur&ce of 2S feet. 
Sin. „ „ „ „ 49 feet 

6fin. „ „ „ „ 112 feet. 

5Jin. „ „ „ „ 559 feet. 

Sin. „ „ „ „ 1019 feet 

and 4^m. below. 

The machine for boring is, no doubt, sofficiently familiar 
to moat of the members of this Society, but as some may not 
have seen it, a brief description may be desirable. It ia 
somewhat in the form of a triangle, the uprights and baae 
forming the two sides, and the back the hypothenuse. The 
uprights are about 10ft. in length, and the base is also about 
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10ft. long. WitMn tlie triangle are indaded what appear 
to me q^aite a triumph of mechamcal appliances in Bmall 
compass. There is a pump for forcing wat«r down the 
borehole, at a very considerable pressure, and which is also 
used for feeding the boiler. Then there is a powerful steam 
crab for lifting the rods. This can he pat oat of gear so 
as to let the rods down quickly when lowering. There is, 
then, the gearing for causing the boring rods to revolve, 
and a dead weight balance to act as a counterpoise to the 
weight of rods in the hole. This is capable of adjustment 
from day to day. Besides these, there is an arrangement 
whereby, during the progress of the boring, the whole 
weight of rods may be lifted by hand for two or three feet 
and then let down again at any speed. The uprights form 
a pair of slides, between which is placed a moveable sliding 
headpiece. Through the centre of this the boring rods or 
tubes pass ; they can be gripped at any point, and the whole 
caused to revolve qoickly. The rods are not of soUd iron, 
as in the boring tools of old days, but are of strongly made 
iron tubes, about two inches in diameter, with well-formed 
box joints. 

There are no chisels or augers ; but at the bottom of the 
rod is a core tube about ten feet long, and about § the of an 
inch less m internal diameter than the full size of the hole. 

The bottom three or four inches of this is called the 
"crown." In the face of the rim, and looking downwards, 
are fixed four or five diamonds, very slightly projecting 
from the metal. On the outside of the rim are about four 
ofliers, and on the inside about the same number. It wiU 
now be seen that as the rods revolve quickly the face 
diamonds will cut down, and the inner and outer will cat a 
oircolar groove or annular ring ; and that the sohd part of 
Qte rock left in the centre will rise up into the core tube. 
SometimeB, where the rock contains few beds, the cores 
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(which will he ahout one inch leas in diameter than the fo]! 
size of the hole) will be in long lengths. In other cases tbe 
core tubes will be filled with many pieces. 

As the boring goes on, water ia forced at a considerable 
pressure down the inside of the boring tubes, and, there 
being no release for the water except from under the crown 
at the bottom, it there rushes out with great force, and rises 
up between the boring tubes and the lining tubes, carrying 
with it the loose sand, or soft mud, which may be made 
at the bottom of the hole. 

The boring rods are drawn generally about once a day ; 
but should the core tube get full in less time than a day, 
they of course are then drawn. A pair of shear legs stands 
over the bore hole, and in drawing the rods the joints are 
uncoupled at every ten yards. 

The boring at Openshaw was carried down as before 
stated to a depth of 1300 feet, and when at that depth the 
time occupied in raising the rods,- emptying the core tube, 
and again letting the rods to the bottom, ready for work, 
was about IJ hours. 

The site of the hole is close to the boundary between the 
townships of Openshaw and Clayton, and about 100 yards 
west of the Manchester and Stockport Canal. 

During the progress of the boring there were few serious 
accidents and few delays. This was due largely to the 
excellent arrangements made by Mr. Vivian. He had at 
hand at all times such tools as might be necessary to meet 
the exigencies of boring, such as breakages of rods, end 
other matters ; and besides this, he took care to have at 
hand the various materials requisite for the boring, before 
the time they were actually required. 

A detailed section of the strata passed through in the 
boring is appended to this paper, but a short description 
may here be given. The first 36 feet was through t^ 
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"Drift," vhich extends OTer so great an area arotmd Man- 
chester. The bore then passed into a soft bright red 
sandstone, terminating at 82 feet deep with s 2'inch. bed of 
course red sandstone, oontaining small white quartz pebbles. 
This would fonn the base of the Bunter Sandstone. The 
boring then entered the "Permian Marls," and from 82 
feet deep to 150 feet, the measures consisted of red shales, 
with five thin beds of yellow and red sandstone. These 
measures were devoid of fossils. At 150 feet deep a 
3-inch, bed of limestone was passed; and then to 217 
feet consisted of a series of unfossiliferoos red shales and 
sandstones. At 217 feet oconrred a second band of lime- 
stone, 16 inches tiiiok, of a brown oobnr, and containing 
shellB. From 217 feet to the depth of 242 feet was a aeries 
of red shales and limestones, containing many nodules of 
" Gypsum," and very full of shells (mostly of the Bake- 
vellia). For a further depth of 40 feet there were red 
i^iales with numerous layers of shells, and containing two 
other til in beds of limestone ; and then came 2 feet 3 inches 
of sandstone conglomerato, forming the base of the Permian 
Mark 

The total thickness of the "Permian Marls" was there- 
fore 205 feet, of which the first 135 feet showed an absence 
of foeails, whilst the remaining 70 feet contained many, 
along with the beds oi limestone, and nodules of gypsum. 

After passing the conglomerato, the bore-hole at onoe 
entered the " Permian Sandstone " wbich was found 752 
feet thick. This thickness was 330 feet greater than the 
greatest thickness of this sandstone hitherto ascertAined in 
this neighbourhood. 

It consists almost entirely of beds of a duU brownish red 
colour, sometimes fine grained, and at othw times somewhat 
ooarse, but nowhere conteining pebbles, or grains larger 
than pins' heads. Here and there it was slightly mottled 
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in colour ; some of the beds were soft, and ottiers modi 
harder ; whilst occaeioimlly there occorred thin beds of 
ehale. The grains were all waterwom and coated wi& 
oxide of iron. 

The depth from the Burface to the bottom of the " Sand- 
stone " was 1037 feet, and down to that point the dip of 
the beds was about 1 in 8. The " Sandstone " was found 
resting uncomfonnably upon the "Upper Coal Meaaurea 
Series," as immediately on passing through, a bed of dark 
grey shale was reached, having a dip of about 1 in 3. M 
the Measures below this had the same dip. From 1037 feet 
deep to 1147 feet consisted of a series of dark grey shaleE 
and sandstones, and purple shales and sandstones, and then 
came a grey earthy limestone, 3 feet 4 inches thick. The 
next 100 feet consisted of purple and variegated shales, with 
nine beds of limestone, the total thickness of the limestones 
being'24 feet, besides a bed of limestone breooia 5 feet thick 
These are the limestones forming the " Ardwick Series," and 
by the fracture, &c. Mr, Binney, F.Q.8., during a recent 
visit to the boring, at once recognized them. 

At 1265 was a bed of hard purple shale, containing small 
lenticular nodules of ironstone, the matrixes of which were 
of yellow earth. From this point to 1300 feet consisted of 
red and gray sandstone, of very fine grain, with thin beds of 
shale, and one 9-inch calcareous band of ironstone. 

As the distance between the Ardwick limestones and the 
Openshaw mine is known, the depth to this mine, at the site 
of the boring, will be about 670 yards. 

This borehole has thrown great light on the charact^ of 
}he measures which underlie the " Permian, "j and also gives 
some insight into the history of that formation aroond 
Manchester. 

In endeavouring to construct a section across the rise and 
dip of the beds from Manchester to Ashton-under-Lyne, I 
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have availed myaelf freely of the materials and information 
given by Mr. Binney, in the sevOTal papers read by him 
before this Society, or before the Literary and Philosophical 
Society, To his reeearohes in the Manchester district we 
are very specially indebted. 

Commencing atStSavioor'sChurohjOhorlton-on-Medlock, 
and going across the strike of the measures to St. Barnabas' 
Church, Openshav, and thence to Charlestown, Oldham 
Boad, Ajshton, we find the most clearly-defined member to 
be the " Permian Marls." These, near Ardwiok Station, are 
150 feet thick ; at the Openahaw borehole, as before named, 
they are 206 feet thick ; whilst going still further north- 
east, to the Waterhouses in Medlock Yale, they are 24S feet 
thick. 

At the time this member was deposited, the beds on- 
doubtedly occupied one level plain, and the dislocations now 
apparent must have taken place since the Permian epoch. 
It is, however, quite clear that as regards one of th«ie fiiults, 
viz., that forming the eastern boundary of the "Manchester 
coal field," and running under St. Barnabas' Choroh, it 
must have existed as a large fault prior to the deposit of the 
Permians, inasmuch as the amount of the displacement of 
the Permian marls is so much less than the now proved size 
of the fault. It must, ther^ore, have existed as a fault of 
several hundred yards of throw before the marls were laid, 
and, subsequently to the " Permian " or " New Rod " eras, 
it has been increased to a totid downthrow of close upon 
800 yards. 

The part between St. Saviour's Church and St. Barnabas' 
Church must, at the beginning of the " Penman epoch," 
have been dry land ; but, at the latt«r point, the fault then 
existing would have left a huge cliff facing eastwards, and 
towering high above the waters of the sea at its base. This 
eea must have extended eastwards to or beyond Ashton, but 
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would appear to Iiave deoreased in deptli tovBrds Ashton, as 
tlie thickness of the " sandatone " there is 300 feet lees than 
at the borehole in OpenshaT. 

By the time the npper portion of the Permian sandftone 
was deposited, the land now forming the city of Manchester 
and far away westwards had also sunt and become sub- 
merged, BO that some 20 to 60 or 80 feet of the sandstone 
had also been deposited there. 

Then, over a wide and still area, the Permian marls were 
slowly deposited, whilst the land, always changing, setfled 
down more slowly at Manchester than at Ashton, causing a 
deposit of 151 feet near the Ardwick Station, 305 feet at the 
borehole, and 245 feet at Waterhouses, near Ashton. 

It is highly probable that tlie coal measures extended 
unbrokenly under the " Pemuans," from the large fault at 
St. Barnabas' Church, ^to the end of the section shown 
herewith; at Ashton. If so, then the amount of the 
dislocations, which the " Permian Marls" have since suffered, 
will indicate very nearly the actual sizes of the faults in 
the coal measures at the points where such faults now 
exist. The positions of some of these faults are not clearly 
known as yet. At Clayton Bridge the Permian Sandstone 
was found to be 59 yards to its base, with purple shales 
underlying. It would appear, therefore, that no fault of 
any magnitude is likely to exist between St. Barnabas 
Church and that point. Further east, however, the "Per- 
mian Marls" come in again at the surface, and there must 
consequently be a large fault or faults betwe^i Clayton 
Bridge and there. 

At Waterhouses, the " Marls" are again in, so that again 
there must be a downthrow to the east, between the last 
named place and Ashton. 

Considering this section carefully, it is dear that on Uto 
easterly side of the Manchester coal field there tm also 
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stored up inunense resonroes, vliioli will erentnally come in 
for the supply of Manoliester. It is trae most of the minea 
will lie at considerable depths, bat, as is wdl known to all 
present, depths which some years ago were deemed most 

" formidable are now by Mining Engineers thought little of. 

_^ In concluding, I have the pleasure on behalf of Mr. 
Bradbury of the Clayton Collieries, and, at his request, to 

[^present a section of the Openshaw borehole for the 
■ooeptanoe of this Society. 



Section of Strata passed through at the Sore 
9le close to the Township boundary between Clayton 
%d openshaw, and about 100 yards west of the 
lanchester and Stockport Canal. 
\,^ Presented by Mr. John BRADBuaT. 



Dbift. 

1 and sand 

fge pebbles and sandy clay 

sandy day 

day 

'elly day 

and pebbles 

BOMTEE SaKDSTONB. 

sandstone, soft and very red 

shale 

ise red sandstone, with small white 
lartz pebbles (size of large pin heads) 

Febmiah Marls. 

shale 

]ow sandstone I 



7 10 
6 



76 
82 



90 
90 6 
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Bed Sliale, soft, nnfosuliferons , 

Yellow sandstoQe 

Bed shale, no fossilB 



Bed saDdBtone , 

Bed shale, no fossils. . 



Qrey aandstone 

Bed sandy shale 

Bed sandfitone, Teiy fine 

Limestone 

Orey sandstone, soft 

Bed sandy shale 

Qrey sandstone 

Bed shale 

Bed sandstone, vith thin hands of shale. 

Bed sandstone 

Bed shale 

Bed sandstone 

Bed shale 

Bed sandstone 

Bed shale 

Brown limestone, with shells 

Bed shale 

Layer of gypsum 

Bed shale, 6 in., full of mussel -like 

bivalTes, small 

Bed shale, vith shells, and also largish 

nodules of gypsum 

Red shale, with rather lai^ shells, . . . 



Ft. In. 
12 

4 

5 

9 

2 

4 

21 2 

4 



17 

1 4 

2 2 
1 



2 5 
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Browu and grey shelly limestone, con- 
taining nodules of gypsum, with layers 
of red shale, concretionary 

Bed shale, fall of sheila 



Qrey limestone 

Bed shale, with thin bands, full of shells 

Qrey shale, with shells 

Bed shale, with many thin bands, full of 

shells 

Beddish-brown maasire limestone, without 

ahells 

Bed shale, with some shells 

Bed shale, with a few thin bands of brown 

fine sandstone and shells , 

Fine hard grey sandstone , 

Sandstone conglomerate , 



Permian Sandstone. 

Bed sandstone, fine and soft 

Red sandstone, coarse 

Bed sandstone, very soft, no core. . . , 

Bed sandstone, rather coarse 

Red sandstone, soft and full of joints or 
holes ; water went all way, and the sand 
also was washed with it 

Red sandstone 

Red sandstone, finer, with thin beds of shale 

Bed and grey sandstone, fine and mottled, 
with tmn beds of shale, . , . , 

Red (and slightly mottled with grey) sand- 



Red sandstone, coarser 



243 6 

244 6 
244 10 

257 6 

258 

267 

267 3 

279 



282 9 
885 



301 6 
310 
319 6 



345 

347 

375 

386 6 

398 

435 6 
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Red sandstone, rather coarse 

finer grain 

„ with beds of coarse. 



a little coarser 

„ harder 

„ softer 

mottled 

red and soft 

"rery soft and fine grained, 
coarser 



soft. 



Fppeb Coal Measures. 

Dark grey shale 

Dark grey gritty shale, with bands of pur- 
ple shale (dipabont 1 in 3) 

Purple shale 

Dark grey shale, rather gritty 

Grey sandstone 

Parple shale. '. 

Dark grey and purple sandy shale 

() „ sandstone 

Purple shale, very dark purple 

Grey earthy limestone 

Grey shale 

Purple shale 

Grey limestone 

Purple shale, with green shale 

Grey limestone 

Grey and purple shale 



Ft. In. 
35 
29 

42 6 
12 
29 

17 8 
41 7 
1 6 
29 3 
17 6 
42 
12 
291 6 


5 



2 
27 1 
9 4 
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Fnrple ehale 

Brown limestone 

Purple shale 

Orsy limestone 

Pmple sliale 

Bed alisle and limestone breccia, , 

Variegated shale 

Limestone breccia 

Bed shale 

Limestone, earthy 

Variegated ehaley day 

Grey limestone 
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The Chairman said he was sure that all the Members 
must feel obliged, both to Mr, Bradbury for the section and 
to Mr. Atherton for his valuable oommunication. Mr. 
AthertoQ was so kind as to take him, a lew weeks since, to 
see all the cores, and, as he (Mr. Atherton) stated, there 
oould be no doubt whaterer as to these limestones being the 
same as those wrought at Ardwiok. The subject was ctae of 
very great importance, and one on which he had labcnied 
for over forty years. It had often struck him whether the 
fault east of the Manchester coal field was one great fault, 
or whether there were two or three steps between there and 
Waterhouses. On the south-west side of Manchester— 
underneath the sugar works in Chester Street — the Ardwick 
limestones, as they all knew, were again met with. Mr. 
Athertoi; had stated that this was the thickest of the 
Permian sandstones that had been met with in the neigh- 
bourhood. He (Mr. Binney) thought, however, that the 
lower Permian sandstone was to be found very thick indeed. 
Certainly, in the neighbourhood of Stockport, they had 
bored considerably over four hundred feet without getting 
through it. But when they came to Manchester, on the 
south of the town, it was scarcely found at all. Its occqt' 
renoe was very variable. The ground between Waterhousefl, 
where the measures were weU seen, and Bradford admitted 
of any amount of discussion, and he did not know that it 
had been ventilated much for the last thirty years, except 
by the Ordnance Survey. The late Mr. John Wood made 
two or three very interesting borings in Medlock Vale, and 
they confirmed those of Mr. Atherton to a few feet. They 
really might have been the same, except that Mr, Wood 
found no Ardwick limestones. He, however, met with coal 
measures, immediately under the Permian beds, with plenty 
of Stigmaria rootlets and a little coal seam. 
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Mr. Dickinson said that during the time that the Society 
met at the Museum, in Peter Street, they had a section of 
Mr. Wood's bore-hole hanging upon the vaU. He did not 
know what had become of it, and he thought that a copy of 
it and of some others presented by Mr. Binney should be 
inserted in the Transactions. There was one thing apparently 
not noticed by Mr, Atherton, which he would like to name. 
It was possible, when the measures came to be worked, that 
those large bore-holes, through the water-bearing strata, 
might form channels for the influx of water. He named 
this to Mr. Bradbury's manager, and that gentleman under- 
took to have the hole in question thoroughly plugged. For 
fifty yards from the bottom he had had strong clay put in 
and pressed down as far as could be conveniently done with 
the rods. 

The Churmah said that if Mr. Livesey could furnish 
some information with regard to their sinking, it would be 
of great value. 

Mr. LiV£S£^ said that a section was now being prepared 
for the Society. 

The Chairman : Then we could really have a discussion 
whether the 4 ft. coal of Bradford is the same as the 4 ft. 
of Pendleton. It had always been taken for granted, but 
certainly never positively proved, although the red ironstone 
of Patricroft and that under the Beswick Brewery were very 
much alike. 

Mr. Dickinson said that for many years it had been taken 
for granted that the 4ft. of "Worsley and Pendlebury was 
the 4ft. of Bradford. But in preparing the quantities of 
coal for the Coal Commission he went very closely into that 
matter, and from information which he had derived from 
Mr. Livesey's bore-hole, he concluded that that idea would 
have to be given up ; and he thought when Mr. Livesey 
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put his section before the Sooiefy, they would find flut 
although the position was an old-aooepted one, it was not 
Bound. 

Mr. LiTESEY said he had been engaged in mining in the 
district of Bradford now for twenty-five years, and the more 
he came to consider it the more he got into confusion. Ha 
felt very certain, when he began, that the Bradford 4ft 
was the same as the Worsley 4ft, but he was now convinced 
that he knew nothing about it. Mr. Atherton had been bo 
good as to say that &e new mine they (Messrs. Liresey) 
were working was the one immediately over the big mine 
at Ashton, but they had bored to a considerable depth below 
it, and he thought Mr. Atherton's conclusion was highly 
improbable. 

Mr. DiCEiNSON said there was another interesting sinking 
being put down this side of Aahton-undeivLyne, which 
penetrated many hundred yards into those top measures, 
and might throw some further light upon the question. He 
hoped Mr. Higson would farour the Society with a copy of 
that section. 

Mr. Plant said he never believed that the 4-feet mine of 
Bradford was at all equivalent to that lying on the west side 
of Manchester. iSeveral fossil fishes occurred in the Brad- 
ford shales, of which not a fragment, up to the present 
time, had been found either in the Pendlebnry, Clifton, 
or any of the mines lying to the west ; he had arrived at 
the conclusion that there were but few evidences of identity 
between the two series of beds of ooal and shales. 

The Chairman said that in former times — ^that wa^ 
before the 4-feet was drowned oat — fish were plentiful at 
Pendleton. He had had such good luck as to get two or 
three entire fishes in a day. That was forty years 
ago ; but since then he had not had a chance of getting 
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fiahes from the 4-feet mine od the west aide of Man- 
chester. 

Mr. Plaht said Uiere were marked di£erenoes between the 
fishes in the shales of the west and those of the east of Man- 
chester. At Bradford they were small, whilst the specimens 
from the west of Manchester were much larger, and belonged 
to entirely different genera. 

The Ohaibuan aaid the largest tooth he erer obtained 
was at Pendleton :' it was a triturating tooth, and the largest 
he erer saw in this distriot. He had had a collection of 
his own once at the Royal Institution ; bat had never seen 
many specimens from Pendleton in the Museum of this 
sooiel^. 

Mr. Plant ; All I have seen from the two localities 
are distinct in their characters. 

The Chairman : Fish are very good in their way, but 
they are not everything, for identifying seams of coaL I 
have heard people say that they can identify a seam by a 
scale, as they can identify a fish by a scale ; but I do not 
believe it. The greatest living palBeontologist can't do it. 
I remember one of our celebrated men being puzzled by a 
man who, when I used to go " fishing " at Pendleton, made 
baskets there, but he afterwards took to collecting fish, and 
made a fine oollection. Several of his specimens were sent 
to a great man, who made as many genera out of them. The 
fact, however, was that the basket maker had taken them all 
from one fish. Depend upon it, we must have some good 
practioal sinkings or borings, as well as fish, to guide us. 

Mr. PiiAirr; The fishes I have are almost perfect speci- 
The Chaibman ; If we could prove the identity of these 
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beda either by fish, fleeli, or fowl, it would be very desirable, 
and I hope when Mr. Llvesey brings his paper we shall 
Lave a full discussion and expression of opinion on the 
subjeot. 
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TRANSACTIONa ' . ;^ 
MAKCHESTER GEOLOGICAL SOCIETY. 

PiBT VII. Tot. XV. SBseioiT 1878-9. 

An Ordinary Meeting of the Members of the Society 
vas held on Tuesday, the 29th April, in the Literary 
and Philosophical Society's Booms, George Street, Man- 
chester; 

E. W. BiMNEY, Esq., F.R.S., Vice-President, 
in the Chair. 

Lord Lindsay, F.R.S., M.P„ 47, Brook Street, London, 
W. ; Mr. Arnold Luptoa, M.I.C.E., F.G.S., Cross Gates, 
near Leeds ; Mr. John Walshaw, Colliery Manager, Tyldes- 
ley, were elected ordinary members of the Society. 



SECTION OF STRATA AT BRADFORD COLLIERT. 
By Mr. Cleoq Litesey. 



The Manchester coal field has been worked for the supply 
of Manchester for more than 150 years by the Bradford 
Colliery Co. and its predecessors, who have during that time 
held leases of the central portion. More recently the 
extreme westerly part was wrought by the late Mr. Edmund 
Buckley, at St. George's Colliery; and the eastern side, 
under portions of Bradford, Clayton, and Openshaw, by the 
Clayton Colliery Co. 

It might reasonably have been expected, therefore, that 
the exact position of the coal field, with all its characteristics 
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and surroundinge, would hare been thoroughly ascertained. 
Bat it must be remembered that in former times few notes 
were made of estaWiehed facta, and still more rarely were 
proper plans and sections made. So that although there 
has long existed a belief that the mine known as the Brad- 
ford Four-feet is the same as the Four-feet at Worsley and 
Fatricroft, and there are traditions of various attempts 
having been mode to prove if this is so, yet no record of any 
such explorations have been preserved. 

This Society has already a very good section of the well- 
known upper seams in this district, viz., the Openshaw, 
Charlotte, Three-quarters, Four-feet, Yard, and Two-feet. 
The first effort to penetrate below these, of which the present 
Bradford Colliery Co. have any actual knowledge, was made 
by the late Mr. Porter, who had a hole put down near the 
Old Sing's Arms Inn, on the Oldham-road. (Marked No. 1 
on the Geological Map). This hole, after passing through 
the drift, went into a very red and hard sandstone, boring 
through which was so expensive, and the progress so slow, 
that after reaching a depth of about 50 yards from the 
surface the attempt was abandoned. Mr. Porter was of 
opiniou that this rock was the New Bed Sandstone, and 
similar in all respects to the sandstone at Bank Bridge Print 
works. 

In June, 1856, the Company commenced sinking a shaft 
in order to prove whether the Four-feet Mine was, as had 
been commonly reported, the " Worsley Four- feet Mine " of 
the west side of Manchester. The site of this shaft 
(marked No. 2), was in the township of Manchester, at the 
top of Bradford Boad, and near to where the new cemetery 
now is. In this shaft the Four-feet was passed through at 
a depth of 37 yards, the Yard Mine 70 yards, and the Two- 
feet Mine 138 yards. It was supposed that the Crombouke 
series of mines would lie about 300 yards under the Four- 
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feet, and when we reached a very hard sandstone, with 
numerous balls of per-oxide of iron, at a depth of 280 yards 
from the surface, containmg a large feeder of water, it was 
thought advisable to put down a bore-hole to ascertain what 
further distance we had to sink. (I may here say that we 
found this rock was the same as the one Mr. Porter had 
mistaken for the New Red iSandstone, and was also the same 
as that from which the Newton Heath brewery drew its 
water supply.) 

To our disappointment, in boring to a depth of 290 yards 
below the bottom of the pit, or 533 yards below the Four- 
feet Mine, we found no workable seam ; the only one worthy 
of the least attention being at a depth of 439 yards below 
the Four-feet, and of a thickness of 2ft. 6in. This mine is 
the one we have now sunk to in Bradford, and have named, 
after the owner of that township, the " Parker " Mine. As 
this seam would only have been about 2ft. 3in., measuring the 
thickness at right angles to the floor, we did not look upon 
it as warranting any further outlay, and after reaching the 
depth of 570 yards from the surface, we ceased work. 

Encouraged by the fact that the red rock we had passed 
was the same Mr. Porter had bored in, we next commenced 
a bore-hole (No. 3) in Newton Heath, thinking we might 
probably get into the lower measures to the rise. Here 
again we were disappointed, as not only at No. 3, but also 
at No. 4, we came into what was undoubtedly the New Red 
Sandstone, as soon as we bad passed through the drift. 

It is not necessary to mention all the trials we made 
betwixt these holes and our most westerly attempt in Messrs. 
Derbyshire's fire-brick yard, just below Queen's Park. The 
result, however, was that we had already bored at the pit to 
a greater depth than we could hope to reach at any of these 
places, by the then ordinary means. 

At the commencement of the year 1866, the owner of the 
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township of Bradford, R. T. Parker, Esq., baring agreed to 
join with the Company in another attempt to discorer vhat 
mines underlie those being worked on bis property, a small 
trial shaft was commenced in the said township, and was 
carried down to a depth below the Four-feet of 434 yards ; 
but not being satisfied with the rate of progress that bo 
narrow a pit could make, we contracted with the Diamond 
Kock Boring Co. to complete the work. After boring eight 
yards they cut through the Parker Mine before named, but 
here the thickness was 3ft. 2in. at right angles to the floor, 
and the pit of which the annexed is a section has since been 
sunk to it. The boring was continued to a depth of 157 
yards below the Parker Mine, and this part of the section is 
given from the cores brought up. 

I may here mention a curious fact about this coal field. 
All the mines are very considerably thicker on the east than 
on the west. Seams that, in former times, were considered 
workable at Claj^n, were only a few inches thick near 
Miles Platting. The Yard Mine has been quite a good 
workable coal near to the east fault, whilst on the west side 
of Bradford it is too thin to be worthy of notice, and of 
very inferior quality. We find the same state of things in 
the Parker Mine. As I hare before stated, at the place 
marked No. 2, it was found only 3ft. 6in. in vertical thick- 
ness, and when we found that it was 3ft, 6in. in vertical 
thickness, we concluded that some mistake had been made; 
but, unfortunately, it is following the rule I have mentioned. 
As our driving proceeds westwards, we find the seam divided 
in two by a strong band of stone, about a foot from the 
bottom, and this is gradually running the lower part out. 
It is, therefore, extremely probable that only a very small 
extent will be workable, as compared with the whole coal- 
field, and that the value of the discovery of this Mine is 
nil, so far as regards the lower portion of Newton Hea& and 
all beyond. 
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There is another curious fact that I wish to notice. Kone 
of the sections agree, and it has heen with the greatest diffi- 
culty that anything like a comparison could be made 
between the boring or sinking at one place, and that at 
another. So marked is this that although the trial shaft at 
Bradford is only 26 yards from the new winding shoft, we 
often found it impossible from compariog the strata in the 
two pita, to tell with suffioient accuracy where we could 
make through-drifts for airing purposes, to meet each other, 
when commencing one end in each pit. 

In conclusion, I may say that this sinking has clearly 
proved that there exists no seam of workable thickness and 
quality between the Four Feet Mine, and the new or Parker 
Mine, and that there is no workable seam for a distance of 
157 yards below the latter. 

It will be very clear that this does not correspond in the 
least with the section underlying the Worsley Four Feet in 
any portion of the district west of Manchester, and, there- 
fore, the question whether the Bradford Four Feet is 
identical with it, remains still as far from solution as ever. 
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Strata of which no particulars were kept . . , . 24 4 

Rock bands 1 1 6 

Strong metal 62 4 
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Strata of which no particulars were kept. . . . 20 2 1 
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Yds. ft. in. 

Blue shale 1 3 

Black bass ' . . 10 
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Bass 3 
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Td». ft. in. 
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Linsey 
Blue metal 
Dark shale 
Coal 

Bastard cannel 
Floor dirt... 
Grey stone . . 
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Rock' 

Linaey of rock bands 
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Metal 
Bock ... 
Metal 
Coal ... 
Black base 
Floor dirt 
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The CuAiKHAN said that the Bection presented by Ur. 
Livesey was one, which, he had no doubt, would give rise to 
a very interesting discussion. It was a section in perfectly 
new ground, so far as his knowledge extended. He might 
state that the opinion of all geologists, up to 40 years ago, 
was that the 4ft. seams at Bradford and. Pendleton were 
identical ; of course, there was no chance of proving it by 
continuity, and whether it was merely from the thickness of 
the seams that they were called the 4ft., or from some otter 
cause, he was not able to say. It was in the year 1836 he 
first looked at a section of the Manchester coal-field. The 
Medlock was then in a very different state to what it is 
now, and a section could be pretty well seen to the 4ft. 
seam, and to probably 100 yards below it. The evidence on 
which he first tried to get a connection between the Pendle- 
ton 4ft. and the Bradford 4ft., was in the sinking of a shaft 
at Fatricroft. Messrs. Lancaster's having seen a small coal 
at Slack Lane, near Patricroft, thought that they had got 
the Pendleton yard coal, and at a depth of 80 yards belov 
it they would get the 4ft. ' Calculating upon having a good 
and extensive field, they sank a pit not very far from the 
Patricroft Railway Station, but instead of finding the 4ft. 
coal at a depth of 80 yards they sank to above 380 without 
finding it. He observed a good deal of their sinking, and they 
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came upon 8 calcareous iroastone, that calcareous ironatone 
was a remarkable feature ; he had never seen anything like 
it in the Lancashire coal-field, though he had observed it in 
Staffordshire and elsew^here. Afterwards he went below the 
brewery in Beswick, and there, on the banks oi the Hed- 
lock he dug into a calcareous ironstone, which was like a 
red haematite, and found it eimilar to that at Fatricroft 
The bed at Patricroft was about 360 yards aboye the 4ft. 
The one at Beswick was somewhere about 350 yards above 
the 4ft. at Bradford; therefore, seeing those two limestonea 
very much alike, it struck him that the 4ft. of Pendleton and 
the 4ft. of Bradford might be the same. There were other 
features about those upper coal-fieUs, which would probably 
tend to show some similarity ; but the only evidence he 
ever heard, was that bed of calcareous ironstone. In no part 
of Lancashire, to the west, had he seen anything like it, pro- 
bably, because they did not get measures so high, and he 
might also mention that he heard, many years ago, some 
report of a limestone having been found at Fatricroft simi- 
lar to theArdwick limestone, nearer the railway. He could, 
however, get no direct evidence of it. He asked Mr. 
Livesey how many seams of coal he found at Bradford 
between the Four Feet and the Farker Mines. Mr. Livesey 
said twenty-three. That is remarkable, as the same mimber 
of seams were found in Mr. Fitzgerald's pit at Pendleton, 
between the Four Feet and the Albert Mines, He suggested 
that when Mr. Livesey's section was published in the 
Transactions, they would be in a better position to discuss it. 
He was sure they never could exhaust the subject at one 
meeting. 
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DIAGRAM OF THE IRISH PALEOZOIC ROCKB. SHOV- 
ING A NEARLY CONTINUOUS SEUIJENCE FROM 
THE COAL MEASURES TO THE CAMBRIAN. 

Bt G. H. KiMAHAN, M.B.I.A., President of the Royal 
Geological Society, Ireland. 



In this diagram the thicknesaeB are probably less than 
tbey would be represented by most geologists. They, how- 
ever, bare been calculated with great care, and in all oases 
where there was possibly a repetition of beds by fatdts, allow- 
ance ha£ been made for this ; while in those groups which 
are of various thicknesses, only the mean thicknesses are 
given. The thickness of the Lower Cambrian may be 
excessive, as on account of the nature of the county of 
Wexford, where they are best developed, no exact calcn- 
lations can be made. Eruptive rocks that occur at particular 
zones are represented; they consist of Greissen (quartz- 
rock), Felstones, and Traps. The Lower Gambriaim are 
fouiid principally in the counties of Dublin, Wicklow, and 
"Wexford, the lowest beds being in the latter county, at 
Camsore, the S.E. extremity of Ireland, where they we 
metamorphosed into granite. Very similar granitic rocks, 
supposed to be of the same age, also occur at Erris Head, 
county Mayo, the N.W. extremity of Ireland ; and possibly 
they also occur in the west portion of the county Doneg^' 
But the latter county has still to be worked out. 

The Tipper Cambrians have only been recognised in the 
west of the county of Qalway, where they extend comfonn- 
ably upwards through a series of rocks (Great Micalyte and 
Lettermore Quartzyte series), probably the representativea 
of the Arenig group, into the CfmibrO'Silurians. 

The lower groups of the Cambro-Silurians (Dark shale 
and Ballymone^ series) are extensively developed, occupying 
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larg;e tracts is Ulster, Loiuster, and Connaaght, where they 
are often more or leas metamorphosed. The upper group of 
the Cambro-Siluriana (Upper series) occurs principally in 
If.E. Munster, haTing been found in the Slieve-Qa-man, 
Qaltees, Slieve Huck, Slieve Phelim, Slieve Arra, SlieTe 
Bemagh, and perhaps, also, in Slieve Aughta. Of these the 
most remarkable locality is BaUycar Cratloe Hills (part of 
Slieve Bemagh), a little north of the oity of Limerick, 
where a zone containing Silurian fossils (Upper Llandovery) 
occurs inthe Gambro-Silurians. This seems to prove that 
between the rocks in this locality and the Silurians of G-alway 
there cannot be a break of magnitude, the thickness of the 
absent strata probably not exceeding a few hundred feet. 

The typical or marine Silurian rocks are thickest in the 
counties of GWway and Mayo ; in the latter county near 
Ballaghaddereen (Curlew Mountains) they extend upwards 
conformably into the Dingle or Olengariff beds ; but in 
West Cork and Kerry the passage from the Silurians into 
the Carboniferous is best developed. To the north of Dingle 
Bay, in the Dingle Promontory, the SQurians pass conform- 
ably upwards into the Dingle beds ; but the latter are capped 
unconformably by the Carboniferous Old Red Sandstone. 
This, however, is not the case to the south of Dingle Bay, 
as here (also in the adjoining portion of the County Cork) 
the Dingle beds pass up conformably into the Oarboniferous. 
From the section between Dingle Bay and Kenmare Hirer 
we learn that only a few thousand feet of strata are 
absent in the Dingle promontory, between the Dingle 
beds and the overlying Carboniferous Old Red Sandstone. 
The discordancy in the Dingle promontory can be easily 
explained from the great downthrow to the north of the 
nearly E. and W. fault along the valley of Dingle Bay ; it 
is, however, unnecessary to enter into this subject here.* 
■ See Proceedinga Boyttl Dublin Society, Seeaion 1878-79. 

Dcillizedoy Google 



178 

There are some remarkable difierenoea between the Irishand 
English Siluriaua. In the formerin Kerry, GJalway, Mayo, and 
Tyrone ( ? ) there is a zone carrying Cambro-Silurian (Cara- 
doc) fossils, while in some localities the fossils will be Upper 
Llandovery type, but in other places on the Bame horizon 
they will be of Wenlock. A very remarkable fact is that 
the fossilB characteristic of the highest group (Salrock beds) 
in 0alway — that is, in Ireland, if the Dingle beds are not 
included in the Silurians — are pronounced by Davidson, the 
eminent Palseontologist, to be of Upper Llandovery types. 

The Lower Carboniferous rocks are thickest in M!unst«r. 
In Cork and the adjoining portion of Kerry they are nearly 
Bolely argillaceous and arenaceous rocks, while in Limerick, 
Clare, Tipperary, also in the provinces of Leinster and 
Connaught, they are for the most part limestone ; but in 
the province of Ulster, associated with the limestoneB, are 
arenaceous and ar^llaoeous rocks, and in one place. Bally- 
castle, Cooutj Antrim, workable ooals : the latter apparently 
on about the same geological horizon as the Lower Coal 
Measures of Scotland. The Upper Carboniferous, or Coal 
Measures, occur in all the provinces, capping the different 
types of the lower. In Clare and Kerry, where l^ey seem 
to be thickest, they contain the fewest workable seams of 
cools. In Connaught and Ulster, there are workable coals 
in the Middle Measures, while in Tyrone the seams ore most 
numerous. In Cork, Limerick, Kerry, Clare, Meath, and 
Louth, fish remains of true Coal Measure types have been 
found in the lowest strata of the Coal Measure (Xiower 
Measures. 

Professor Boyd Dawxins said he had not had any oppor- 
tunity of studying the sections described by Mr. Kinohan, 
but one reflection occurred to him in looking at what was 
now shown to them, namely, that they found the Car- 
boniferous plants descending considerably below the 
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CarboniferouB rocks in Eng^land. Witli regard to the con- 
troveraj as to the existence of the Devonian rocks as a 
formation or not, it seemed to him that the proper view to 
take was, that the flora did not tell us anything whatever with 
regard to the claBsification of Devonian and Carboniferous, or 
even Silurian strata. As a matter of fact, when we looked at 
the changes which were offered by the fossil floras all over the 
vorld, we found that the flora was invariably changed much 
more slowly than the animal life ; so that yre had, for example, 
in the Crotaoeous age of America a group of plants n'hich 
for a long time were considered to be of Meiocene age 
in Europe. It seemed to him, therofore, in the controversy 
as to the Devonian being Carboniferous or not, that 
the fact of finding aigillarve, stigmaria, and the like in 
Devonian rocks did not settle the question at all. So far aa 
he knew the evidence of the palaeozoic flora, those trees 
which arrived at their maximum development in the Car- 
boniferous age, and which were taken to be distinctly of the 
Carboniferous flora, had their origin in the Upper Silurian 
times. During the time when the Silurian rocks of this 
country were being accumulated under the waves of the sea, 
there were on the land forests in all probability closely 
aUied to those which afterwards flourished on the land 
in the Carboniferous age ; therefore the occurrence of Car- 
boniferous plants in the Devonian did not really tell them 
that the latter beds were of true Carboniferous age, using it 
in the sense in which the term " Carboniferous period " bad 
been used as far as relates to England. He merely mentioned 
this because, in the discussion on this matter, the difference 
in the value of the evidence of fossil vegetables, as com- 
pared with the higher existences — that is to say, the 
animals — ^had not, to his mind, been properly realised. 

Mr. John Aitkbn said that Mr. Kinahan, in the paper, 
made use of the term " Carboniferous old red." He did not 
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know tKe meaning of tliia, unless it applied to those disputed 
beds which some claimed as Carboniferous and others ai 
Devonian, or old red. 

The Chairman : It is new also to me. 

Mr. De Bance said that so far as he understood Mr. 
Kinahan's views, from his published papers, he (Mr. Kisahan) 
maintained that the Dingle beds and G^lengarifi grits oi the 
south-west of Ireland were equivalent in time, and that they 
were TTpper Silurian. In the Dingle district they had 
resting upon them certain beds which, according to the 
Geological Survey, were Old Red, and, according to Mr. 
Kinahan, were Carboniferous ; but he made that a minor 
point. He thought the author merely meant by "Carbo- 
niferous old red" — the red and sandy condition of the base of 
the Carboniferous of that particular area ; and to that partic- 
ular horizon he referred the Eiltorkin beds in Kilkenny and 
the middle districts of Ireland, which contained the Cyelop- 
teris (or Paloeopieris) Sibemimta. That plant, according to 
Mr. Kinahan, marked the base of the Carboniferous series, and 
that agreed with the conclusions of Prof. Heer, in the work 
in which he showed the arrival of the Ursa stage to be 
equivalent to the Lower Carboniferous formations of this 
country. The Uraa stage of Iceland and Spitzbergen con- 
tained the same plants; and Prof. Heer compared it to the 
base of the Carboniferous, laying great stress on the fact 
that the first rich land-flora the world ever saw came into 
being before the Carboniferous Limestone, and that that 
same flora — a Carboniferous flora — existed on and on 
throughout the whole time occupied by the deposititm of 
the Carboniferous limestone in varioos parts of the world, and 
up and into our coal measures. The great point of difEorence 
between Mr. Einahan and Mr. Hull on the Devtmian 
question, appeared to be with regard to the beds near the 
Eenmare river. In the Dingle district there appeared not 
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to be much in dispute; they had at the base beds of Car- 
boniferous age — call them old red, if they liked — resting oa 
the Dingle beds, which were Upper Silurian. Then, coming 
further south, t« the Kenmare river, Mr. E!inahan said: 
"Here we have conformity, with a perfect transition 
from the Carboniferous old red, down into the Glengariflf 
grits, which are Silurian. There is no great difference, 
physical or palEeontologicsl, between the Carboniferous at 
the top and the Silurian at the bottom." Mr. Hull went to 
the same place, and came to a totally opposite conclusion. 
He said — and this, it appeared to him, was a question for a 
jury of experts — " So far from there being perfect sequence, 
there is a break, and that break is something more than the 
break which occurs at Dingle Bay,* for it is a break betwixt 
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the Carboniferous on one side, and the bottom Silurian ; 
the old red is entirely absent." It seemed to him (Mr. De 
Ranee) to be a question of fact between these two geologists, 
and it was impossible for outsiders to - determine without 
going to the ground. It will be curious to know which 
of the two views is right, because it appears an extra- 
ordinHry thing that two trained observers, iike Mr. Kinaian 
and Prof. Hull, should go to the same place and arrive at 
such opposite conclusions. 

The Chairman said it could be easily accounted for. One 
gentleman looked through one pair of spectacles, and 
the other gentleman through another. The passage of the 
Lias, for instance into the Upper Trias had always 
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been a matter of difficulty ; half a score of people had seen 
it one way and the same number another. So also witt 
regard to the Carboniferoua and the Permian, and he did 
not see why Uie same difficulty ehoold not exist aa to the 
Devonian and Carboniferous. He believed there were place* 
where the Carboniferoiu passed insensibly into the Devon- 
ian. With regard to the latter passing into the Silurian, 
he had seen nothing like a passage himself. All the aectiona 
he had observed in the Isle of Man and elsewhere, showed 
them to be as unconformable as possible. The Old Red, or 
Devonian — whichever it was — lay quite unconformably on 
the rocks underneath. He hoped, when a jury was summoned 
to settle the difference between the two litigants, the testi- 
mony of witnesses only would be received, and that neither 
party would be permitted to give evidence himself. It 
was a subject about which those here could know Uttle, unlees 
they were on the spot to see for themselves. 



NOTES m PRESS BY THE AtJTHOR. 

The " OarlioiuforouB Old Bed SandatonsB" ue the arennceoiu md 
ugiUaceouB rocki, vhich occnr at the bus of, or in, the carboniferoos rocka' 
—See "Manual of the Geology of IreUnd," chap. v. 

In reference to the remarks of the Chaitman : there itre certain group 
of rooks, passage heds &om one formation to another, as to the age of vhich 
palteontological and statigraphical geologista are at variance. Those to 
which 1 would spHoially refer are r — 

let. Armiff group, the psasage beds tiotireea the Cambrians and 
Cambro- Silurian ; which aome geologists would place in the Cambnaiu 
while otbeiswould pat them in the Cambro- Silurian. These atrattgrsphic- 
ally seem to belong to the Cambrians which palFeoatologically they an 
Allied to the Cambio- Silurians. 

2nd. Tht Devonian, or Lower Old Btd Sandatone. These are the pasffig« 
beds between the Silnrians and the Carboniferous, — stratigraphicallf tli«j 
seem to belong to the Silurian, while some of the foasfls are eminently of 
e«rboni£eroiis types. 
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3rd. Pgrmian. Theaa are the pMMga bads between tiie Carboniferoiw 
and the TriassO'jurassic, — Btntigraphically thoy are in part alliad to fk» 
Carboniferoiis, and in part to the Ttiaado — while the ftiMib MMidiiig to 
Bailjr, ore almoat entirely of Carhoniieroiu typet— I Iwra mII the rocks into 
wbieh th«7 gradnate apwardi, TriagBO-jn rai^ , b — w there doe* not leem 
to be s true geological break betwoan the— two K>-onlIed formatioiu, u 
already pnt forward by Le Oont« andollier geologiiti. 

AxL the geologitti who bare ezamiued the " Cork Roeks " oareftilly, in- 
clnding QriSth, Jnkes, and their Bt&Ea, have come to the concliuion IM 
thq/ are eontmuoui from tkt Otmgariff Oritt t^ to th* Curbim^ftrout tlatti. 
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TRANSACTIONS 

OF lEB 

MANCHESTER GEOLOGICAL SOCIETY. 



An Ordinary Meeting of the Memlwrs of the Society 
was held on Tuesday, the 27th May, in the Literary 
and Philosophical Society's Rooms, George Street, Man- 
chester ; 

J. E. Forbes, Esq., F.G.S., President, 
in the Chair. 



ON THE OCCITREENCE OF A BED OF IRON PYRITES 
IN THE MILLSTONE GEIT IN THE WALSDEN 
VALLEY, NEAR TO THE REMAINS OP AN ANCIENT 
BLOOMARY. 

By Mr. John Aitken. 



The object of the present brief notice is to draw the 
attention of the Society to the existence of a bed of iron 
pyrites, or highly pyritised tock, in the millstone grit of 
the Todmorden Valley, and also the occurrence of the 
remains of a Bloomary, or ancient iron smelting furnace, 
the latter of which is situated close to the outcrop of the 
bed of pyrites, and which was in all probability the source 
from whenbe a supply of ore was obtained for use in this, 
and, perhaps, in other Bloomaries which existed in the 
immediate locality. 
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My attention wae first directed to a large heap of slag at 
this spot by Mr. Robert Law, of Walsden, {a painstaking 
young geologist of that neighbourhood), some two or three 
years ago, during a geological ramble along that romantic 
gorge, which upon examination turned out to be the 
remains of an old Bloomary. 

An interesting paper having been read about this time to 
the Bacup Literary Society, by Mr, James Kerr, of Craw- 
ahawbooth, on the occurrence of Bloomariea in the Rossendale 
Yalley and at other places, excited some local interest in 
this subject and led to further and more careful observation, 
which has resulted in the discovery of several additional 
furnaces of this character on the border hills dividing the 
counties of Lancashire and Yorkshire, and also in other 
places in the two counties. 

In connection with the situations of these Bloomariea, 
considerable difficulties have been experienced as to the 
source or sources from whence a supply of ore could have 
heen obtained for the purpose of smelting, and various 
suggestions have been made to meet the case, — some 
attributing it to the hands of clay ironstone, of Lower 
Oarhoniferoua age, which crop out on the hillsides of the 
district, whilst others have suggested that the ore was 
derived from the rich deposits existing in Fumess, the 
position of the Bloomaries being determined by the presence 
in the immediate neighbourhood of each, of an abundaot 
supply of fuel in the shape of timber — vegetable charcoal 
being exclusively used for smelting iron at that period ; less 
difficulty, it ia contended, would arise in conveying the ore 
to the fuel than in carrying the fuel to the ore. Neither of 
these suggestions, however, appear to me to oflfer a satlsfactoiy 
solution of the difficulty. The bands of clay ironstone are 
too thin and inconsiderable to give an adequate and con- 
tinued supply ; and the distance at which Fumess is sitnated 



Dcillizedoy Google 



from the places of consumption mTolves difficulties of transit 
which, -with the means of communication then available, 
aj^iears to render this, as the supplying source, highly im- 
probable. The question is, therefore, still inYoWed in con- 
siderable doubt and uncertainty. That Bloomaries formerly 
abounded in various parts of Lancashire and Yorkshire, as 
well as in other parts of our country, and that they were 
always placed in situations so as to secure the advantages of 
an adequate supply of fuel, and also a sufficient current of 
air to give the necessary strength of blast for smelting the 
ore, is undoubted; but the question as to whence the 
material came for smelting has not as yet received a satis- 
factory answer. 

The discovery of a body of iron pyrites, in close contiguity 
to the site of the Bloomary under consideration, places it in 
a different category to any which has been previously 
described in this part of the country, and furnishes a reason 
for my venturing to bring the fact before the notice of this 



As previously stated, the remains of the Bloomary are 
situated upon a knoU standing out on the 8.E. side of the 
"Walsden Valley, close to a small tributary stream, known as 
the Bottomly Brook, which, rushing down the steep declivity, 
has cut a deep channel in its face, thus giving a degree of 
prominence to the s^t it would not otherwise possess; and 
at an elevation of some 350 feet from the level of the valley 
beneath. 

The place, although not exhibiting on the surface any 
trace of the original structure, is easily distinguished by the 
scoria which has been accumulated at the spot, and which is 
also plentifully scattered around. This heap of dross must 
at one time have been considerably larger than at the 
present, it having been freely made use of for repairing the 
road which runs along the side of the l n')l and passes close 
by the site of the Bloconary, 
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The bed of iron pyrites to wliich reference has been nude 
ia situated near the top of the third member of the millstone 
grit, and is exposed in the bed of the stream, only a few 
yards to the N.E. of the elevation upon which the Bloomtuy 
stood, over which the water falls in a small cascade. The 
roch, a fine-grained, grey, rather soft sandstone, haa the 
metal pretty equally distributed throughout its body; in 
some cases, however, it occurs in strings, and in others ia 
found lining small cavities, which are distributed throughout 
the rock. The bed, so far as visible, appears to be about 16 
or 18 inches in thickness ; the means of observation are, 
however, somewhat limited, as the rock almost immediately 
plunges into the banks bounding the stream, and ie lost 
from view. Mr. Robert Law, who has rendered me valuable 
aid, in not only pointing out the position of the Bloomary, 
but also in continuing the investigations, with the view of 
ascertaining whether this metalliferous rock occurs in other 
places in the neighbourhood or not, informs me that after a 
careful search he has not been able to detect its presence at 
any other spot. This confirms my previous observations, 
and renders it probable that it has only a local existence, 
and may, therefore, partake more of the character of a 
pocket or patch, having a local development, than that of a 
oontinuous and persistent bed. However this may be, the 
fact of the Bloomary having been located here, in such dose 
contiguity to this bed of metalliferous rock, which wonld 
supply a desideratum not to be met with, so far as yet 
ascertained, at any other place in the neighbourhood, would 
naturally lead to the conclusion that it indicated something 
more than a mere coincidence, and that the position of the 
Bloomary was in all probability determined by the presence 
of the bed of iron pyrites at this spot. 

I may further mention that the remains of at least two 
other Bloomaries are known to exist in this immediate 
locality — one about half-a-mile to the north, on the same 
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side of the valley, and one on the opposite side, about the 
same distance from the metalliferoua sandstone — at both of 
which places considerable quantities of slag still exists. 
Whether these, and others which may yet be discovered, 
drew their supply of ore from this spot, or other outcrops of 
the pyritised rock were known to the ancient iron smelters 
but which is lost to the present generation, no evidence 
exists to show. It is, however, a not unreasonable inference 
(» draw, that should this prove to be the only exhibition of 
this material, that it in all probability furnished the ore, at 
least in part, to all the furnaces in the immediate neigh- 
bourhood. 

In order the more fully to understand the strati graphical 
position of this bed of rock, I append a section of the third 
division of the millstone grit, as exhibited in the Walsden 
Valley, for the principal part of which I am also indebted 
to tbe gentleman whose name I have more than once 
mentioned during the reading of these r^narks. 

On the table are placed specimens of tbe pyritised rock 
and several pieces of the slag or scoria. 

SECTION OF THIRD MILLSTONE GRIT, WALSDEN, NEAR 
TODMOEDEN;— 

ft in. 
Dark shale, the upper part very fossiliferous, con- 
taining goniatites avicula-pecten, &c 60 

Bed of pyritiferous rock 1 4 

Grey micacious sandstone 30 

Impure coal from 3 to 6 

Undei-clay 6 

Coal 6 

TJnderclay 10 

Light-grey thick-bedded sandstone 10 

Grey micacious, flaggy sandstone, with numerous 

worm traoks ftear the bottom 30 

Light fawn-coloured sandstone 4 

Grey flaggy sandstone 15 

Dark shale 10 
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Mr, Plant asked if the occurence of iron pyriteB was 
given in the memoir of the Geological Survey upon the 
Burnley coalfield, which comprised Todmorden and Wabden? 

Mr. AiTKBN : As far as I am aware no mention whatever 
is made of it, either by the Geological Survey or by local 
observers. 

Mr. Plant said that Mr. Aitken was very particular in 
going over that part of Lancashire, to note down all the 
heaps of slag ; and it was surprising^there being anch 
strong evidence to the existence of some sort of smelting, 
in the spot indicated by Mr. Aitken, that that had 
escaped his keen and searching examinations. The vonder 
was how anyone could have got iron from pyritip sandstone 
of such a character. The existence of quantities of sulphur, 
in iron in that state, and the well-known difficulties in getting 
rid of the sulphur to make it into a decent iron, made it 
astonishing that there should have been a possible production 
of anything like malleable iron from such materials. He 
supposed it woidd hardly pass in the markets of the present 
day as a saleable ore. 

Mr. AITKE^f : Not as a saleable ore, certainly. 

Mr. Plant continued : Therefore the per centage of iron 
got from the deposit must have been extremely small, and 
its production surromided by all the objectionable features 
that belong to pyritic iron ore. He remembered having 
gone over the districts a few years ago, and very likely 
kicked his foot into the heaps of slag, but it never occurred 
to him that they were the debi-is of ancient smelting works, 
they looked like ordinary waste heaps which they were 
accustomed to see on the moorlands. 

Mr, Dickinson said that a considerable quantity of iron 
pyrites lay underneath the gannister coal in the neighbour- 
hood of Wholaw Nook, between Bacup and Burnley. It 
occurred just at that part of the coal field where the upper 
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foot coal — which was a very sulphurous coal — united with 
the ganuister, forming a thick bed. Underneath the floor 
of these united beds was a bed of iron pyrites, averaging 
almost a foot in thickness ; it was pretty much the same as 
Mr. Aitken's sample ; but neither from that irregular 
deposit underneath the gannister and upper foot coal, nor 
from the bed of pyrites, of which Mr. Aitken had produced 
a specimen, was iron — according to his experience — ^likely 
ever to have been manufactured. He thought if a bloomary 
had been used for any purpose in connection with that iron 
pyrit-es, it must have been for the sake of the sulphur and 
not of the iron. He did not know of any place where iron 
pyrites of that description was used for producing manufac- 
tured iron. In the neighbourhood of the Rio Tinto Sulphur 
^Kocks, in Spain, it appears there are several old slag heaps. 

Mr. Peter Spence said it would be very difficult to 
^iniinat« the sulphur from the pyrites, in auy shape, so as 
to make a malleable iron out of it. Did Mr. Aitken know 
what proportion of pyrites there was in that bed of sand- 
stone? 

Mr. Aitken : I do not. 

Mr. Spence said he should not suppose it would be half 
the weight. A peculiar kind of pyrites was discovered a 
few years ago at Dove Holes, near Buxton, running under 
the limestone. It was in a different form altogether from 
that shown by Mr. Aitken, being disintegrated for the most 
part, and where hard easily crushed by the hand. The 
pyrites was in separate crystals, varying in size from a pin's- 
head to a nut, and Mr. Macdougall was induced to try- 
to work it economically, by roughly grinding and washing 
it. The attempt was not a success, however, commercially. 
There was the fact, nevertheless, of a large deposit of pyrites, 
running under the limestone rock at Dove Holes, and more 
distinctly separate than Mr. Aitken's sample seemed to be. 
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That Dove Holes pyrites, he might add, he analysed care- 
fully in his laboratory, and found that it contained one 
grain of gold to the ton. From 6 or 7 lbs. weight he actually 
got a particle, visible as a black speck to the naked eye, but 
under magnifying power as a particle of gold. There vaB 
four pence worth of gold to the ton ! 

Mr. AiTKEN said he quite recognised, and had experienced 
the difficulties suggested by Mr. Plant, and reiterated by 
Mr. Dickinson and Mr. Spence. The difficulty had occurred 
to bim precisely as it had presented itself to them, that the 
ore was scarcely rich enough in metal, and that the extraction 
of the iron, with such appliances as people centuries ago had 
at their command, could have been no easy matter. But 
the question arose in his mind whether, as those bloomaries 
undoubtedly existed in considerable numbers, amongst the 
hills and valleys of that part of the country, and as smelted 
iron was also a certainty, — from whence did they get their 
supply of ore ? Iron ore existed in the coal measures in thin 
bands, and he had found them frequently on all the hill 
sides in that particular district, but he had never yet been 
able to ascertain that the quantity was sufficient to be made 
at all available for commercial purposes. The nearest point, 
as far as he was aware, where an available supply of good 
material could be obtained, was Furness ; and it struck him 
that to bring hsematito from Fumess to smelt on the borders 
of Lancashire and Cheshire would present difficulties of too 
serious a nature to be got over. When he hit upon that 
particular bed of rock in close proximity to the old bloom- 
aries, the connection between the two naturally suggested 
itself to him ; consequently he ventured to bring the matter 
before the society, — rather in a tentative form, he admitted, 
that day, because he should be sorry to assert positively that 
that rock had actually been made use of for the purpose 
described, though it was likely to have been, to some extent, 
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mixed perhaps with riclier ores procured from other places. 
The hilU were, in ancient times, covered with timber and 
brushwood ; hence fuel would he inexpensive. Labour, too, 
would be cheap, and therefore, under the peculiar circum- 
atances in which they were placed, the ore might have been 
made available for the purpose of smelting. Now, with 
regard to metal being obtained in small quantities and 
used for economical purposes, he might mention Alderley, 
where copper was found, distributed through the new red 
sandstone, in such minute quantities as barely to render 
its extraction remunerative at the present day. He had 
just been informed that the Alderley copper mines were 
now closed, and that made his argiuuent still stronger. 
It was, he believed, an undoubted fact (he did not 
know whether Mr. Plant would deny it or not) that those 
rocks at Alderley were worked in pre-historic times ; 
stone implements had been found in great abundance ; and 
the rock had been disturbed and removed, and the holes 
filled up again. That no one would doubt ; and he could 
not conceive any other purpose for which the rock had been 
so worked but the extraction of the metal. It seems a 
mystery how that could possibly have been done so long ago 
with anything like economy ; but it might be that our fore- 
fathers possessed more metallurgical knowledge than we gave 
them credit for. Otherwise he presumed those rocks would 
hardly have been worked for such a purpose. 

Mr. Spence referring to Mr. Aitken's specimen from 
Walsden, said that it was possible by a very slow method of 
calcination, to drive o£F the sulphur, so as to make a coarse 
species of cast iron ; although at the present day no one 
would think of making iron from pyrites — at least under 
ordinary circumstances. As to the copper found at Alderley, 
that was a deposit of copper and various other metals, but in 
a form in which they were soluble. It was evidently the 
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debris oi some former Teins, vhere the metals had been 
mixed up and deposited along with the saudBtone. The 
copper was in small grains interspersed through the body 
of the sandstone in a state of carbonate. The rock was 
ground down, and the metal extracted with hydrochloric 
acid. The mines were wrought until a year or two ago, 
until the low price of copper rendered it unprofitable. 



MICACEOUS SANDSTONE IN THE BOULDER 
CLAY. 



Mr. "W. Spinks, Stud.Inst.C.E., read a note "On the 
discovery of a block of Qray Micaceous Sandstone in the 
Boulder clay, at Warrington." , 



SHAP GRANITE IN THE BOULDER CLAY, IN 
LOWER BROUGHTON. 

Mr. Flamt exhibited a specimen, which, he said, in aome 
societies might excite a keen controversy, and very likely he 
disputed as to several of ite features. It was held by some 
geologists who studied the Glacial Drifts, that they 
were able to trace to' theirorigin a very large number of the 
boulders which were found in the boulder clay. Amongst 
those boulders, the preaence of Shap granite in this district 
had been disputed, it being maintained that this peculiar 
granite was rarely found southward of Morecombe Bay from 
its central source in Westmorland. Mr. D. Mackintosh had 
spent years in tracking the lines of deposit of gnmitfi 
boulders, and had issued a map from which it would appear 
that the glaciers by which Shap boulders were transported 
mainly followed a NortB and North-Easterly direction. In 
the better drainage of Salford there had been made deep 
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cuttings through the boulder clay, and amongst the hundreds 
of boulders which be had preserved for the Peel Park 
Museum, he had one (which he now exhibted) that he had 
with hie own hands taken from the olay, which effectually 
settled the question as to Shap granite having travelled into 
South Lancashire. The specimen was found in the true 
boulder clay, about 20 feet below the surface of the Irwell 
valley, close to Broughton Bridge. In order to be quite 
satisfied that he was not mistaken, he procured a piece of 
polished column from the Shap works, in Westmorland, and 
it BO happened that the piece, so obtained, might have been 
a portion of the boulder which he exhibited to the meeting, 
so close was the resemblance. 

Mr. DiCKiNsoK said he thought Mr. Plant had carried the 
meeting with him. There was not, as far as he knew, any 
reason why the Shap boulders should not have been distri- 
buted over this part of Manchester. In the neighbourhood 
of Blackpool many specimens of hematite from the Ulver- 
ston district were to be found in the drift, and why might 
not a piece of Shap granite P 

Mr. Plant said that hsematites were found in the Salford 
cutting, as well — ^massive pieces weighing 12 or 14 lbs., but 
they were not from the TJWerston district. They came, 
he believed, out of the coal measures. They were very 
fair specimens of haematite ore, but did not exhibit the 
beautiful characters of the TJlverston heematites. 

Mr. AiTKEN said the question raised by Mr. Plant had 
occupied the attention of geologists, iDcluding Professor 
PhiUips, for half a century, and no definite conclusion had 
yet been arrived at. He (Mr. Aitken) had never yet suc- 
ceeded in finding a piece of undoubted Shap granite further 
south than a mile or two south of Preston : that piece was 
discovered in company with Professor Dawkins, and Mr. 
James Eccles, formerly of Blackburn, now of London. It 
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was picked up from a heap wliich had been obtained from 
the valley of the Ribble, Having inspected Mr. Plant's 
specimen he was fully convinced that it was undoubted Shap 
granite. The characters were so clearly marked that no 
one who had visited the Shap quarries, as he had on several 
occasions done, and seen the granite in various conditions, 
could have the slightest doubt about it. He should not 
discuss the reasons why that particular granit« was so 
seldom found south of Prestoa, but such had been the fact 
hitherto ; consequently Mr. Plant's discovery was of some 
importance. On the easterly side of the country the case 
was different : Shap boulders were of frequent occurrence, 
and he had himself seen, 10 or 12 miles south of York, some 
of large size. They had, he believed, been observed further 
south still. 

Mr. Martin asked if Mr. Plant expected that the finding 
of that piece of Shap granite would decide the points which 
had been so long and so warmly discussed. 

Mr. Plant said it was not one point merely : there were 
several others that were contested, and the non-occurrenee 
of Shap granites in this locality had been one of the strong 
points in arguing all those questions. Therefore the simple 
occurrence of this undoubted piece of Shap granite ought to 
have some measure of importance when the questions were 
re-argued. Shap granite, which had not been found before 
near Manchester, was found now ; therefore that point 
must be given up ; but he could not say that it would settle 
anything.* 

• See "Besnlta of a Systeniatio Survey, &c., of Emitic Blocke or BouUsn 
of the Wert of EngUnd and Eaat of Wales," by D. Maokintoali, F.G.8.- 
Quorf. Jour. Oio. Soe., No. 139, August 1879. 
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TRANSA^CTiONS 
MANCHESTER GEOLOGICAL SOCIETY. 

Pabt IX. Vol XV. Sbsbioit 1878-9. 

An Obdinaky Meeting of the Meinl>er8 of the Society 
^as held on Tuesday, the 24th June, in the Literary 
and Philosophical Society's Rooms, George Street, Man- 
chester ; 

John Aitken, Esq., Vice-President, 
in the Chair. 



ROOTS FOUND AT GREAT DEPTHS. 



Mr. Qbimshaw exhibited some roots, of the nature of 
which lie said he had no information, which had been 
discoTered in a lead mine near Holywell, in the joints of the 
limestone rock, at a depth of about 85 yards from the Bur- 
face. The limestone in which they were found was dark in 
colour, but five or six yards above it there was a Ught colored 
band containing a great many shells. In driving the place 
towards the vein, or lode, in ground which had not been 
previously explored, a crevice was met with that extended 
along the level about 12 feet, and was, in its widest part, 
about 18 inches deep perpendicularly. It seemed to extend 
about 8 feet beyond the level on one side. The roots were 
found in the close joints of the limestone. He did not know 
whether they came from the top or not, but the surface was 
covered entirely with heather and grass — there were no 
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trees. If any gentleman could throw light upon this sm- 
gular occurrence he shouhl be glad. Mr. Orimshaw also 
exhibited some clay, evidently deposited by water, which 
was found in the crevice, and in which some of the roots were 
partially embedded in short lengths beyond the joints. The 
specimens exhibited afforded an idea of the character of 
the rock. 

The Chairman asked if the crevice opened to the surface, 
or if there was any communication P 

Mr. Griushaw : No ; the crevice is horizontal. No 
swallow, or aperture tending in the direction of the surface 
could be found. 

The Chairman said that a thin section of this root should 
be submitted to microscopical examination. Such an in- 
stance of vegetable life penetrating to great depths was 
remarkable, and he could not account for it. 

Mr. Geimshaw said that the miners — many of them old 
men — asfnired him that they had never seen anything of tlie 
sort before. 

Mr. Plant, by request, sent the following Memorandum 

on the specimens : — Through my arriving late I was not 

aware that Mr. Grimshaw had shown the curious vegetable 

productions to the members, until the meeting was over, 

when I examined them. Their ocoorrence at any depth in 

a shaft or in a deep quarry is perfectly natural and proper, 

for these " Hyphomycetes " cannot exist with light and air, 

so are found flourishing under foundations of old ruins, 

down deep pits and in caverns, and even between tlie 

partings of strata of rocks far below the surface. I hare 

seen and collected them from such situations many times. 

Y have the appearance of dry, flattened, stringy twigs, 

ed and entangled in an irregular way — in fact, most 

lie take them to be lost fibrous roots, some how dissevered 

L shrubs growing on the surface above ; but it is 
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not 80. These twigs are true independent species of fungi, 
whose nature is not thoroughly understood. I am not 
aware that they have been recently worked upon by any 
competent botanist. In the last edition of "Loudon's 
Encyclopedia of British Plants," 1866, they ore described as 
belonging to a small group of such like anomalous plants 
under eight genera of " Byssacei," all the species of which 
are competed of brown opake fibres, mostly growing recum- 
bent and forcing their way between crevices in rocks and 
stones in dark places, often very deep from the surface. The 
species brought by Mr. Grimshaw was a " Rhizomorpha " 
or an Ozonium — both much alike. The thallus of these is 
composed of decumbent, branched, entangled £liments, coria- 
ceous or ligneous. All these Hyphomycetes are propagated 
by spores. 



ON THE TJ8E OF POWDER IN MINES. 
By Mr. Richard John Barnes, M.E. 



In May last year there was a discussion in this room on 
"The Lighting of Shots." I was sorry I could not attend, 
as it is a very important subject. The use of powder in 
mines under the Coal Mines Act of 1872 is, I consider, also 
an important subject, and the main object of this paper is 
to have the matter well considered and defined. I am not 
sure that there are any collieries working which, under the 
Act, can use powder in the daytime, i.e., in ordinary working 
hours. All, or nearly all, mines give off firedamp, and 
thoagh some require very much less air than others, yet 
when "straight work" is in progress extensively there is sure 
to be a good deal of " blue cap" visible. My rule for years 
past in driving "straight" work, where powder has been 
used, has been to allow an amount of air of 1000 (average) 
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oabio feet per minute per place, and sot allow the air to go 
into more than 10 places in one split.* I have known 
many cases where 3000 and 4000 per place hare been leqoi- 
aite, and I have seen orer 6000 cubic feet per minute forced 
within a few feet of the face, and still a "blue cap" would 
ahow in the cutting. 

It is not unusual for a split of air trailing its long round 
through 20, 30 or more places, slightly freshened up here and 
there on its way, foul before reaching several of the last, yet 
no "blue cap" shows either in cuttings or returns, most 
likely because it is so mixed with a "brown cap." "Which then 
is the purest air for either place, or workmen f By " the 
Act," a thoroughly well-ventilated mine, with sufiScient 
splits to give every 10 places air to themselves, cannot use 
powder in the day, whilst an ill-ventilated place with a split 
to every 30 places may do as its owners like, and poison 
everyone working there. 

And now comes the time for asking what is meant by "ft 
panel," and in a large pit how far does the Ending of a little 
gas in a working place prevent the owners from using 
powder, except when ordinary workmen are out of it. The 
importance of this is very great, and in my (pinion worth 
discussion. 

Take a large pit, extending 2000 yards each way from 
the shaft. Say gas is found in extreme levels of one Eode, 
and out of those levels there is a district to the rise, which, 
to a certain point, has its intake and return common with 
the level district. Have the whole side and rise workings 
to be prevented from using powder P I say not. I say ft 
panel is a separate split of air going from, and leading to, 
main returns, and therefore the restriction only applies to 
the workings in the one split of air wherein gas may have 

■ ThnB, for 10 etraiglit giaeee I would hare a split of 10,000 cubic feel 
p«r minute, and looco brattice. 
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been seen. Wliere " pipe " ventilatioii is used, and eaoh 
working place haa its own split, gas found in one Buoh plaoe 
would only lay that one place oS from the use of powder 
(always providing there was no quantity of gas to make the 
pit dangerous.) 

I beliere many mining engineers take my view of the 
reading of the Act, but I Bomebow think powder has been 
prohibited in places rather against auch view, and I would 
much like to hear some decided opinion about this. 

At the collieries (Birley), of which I am in chai^, in one 
of our pits raising about 900 tons per day, this is very impor- 
tant, inasmuch as we occasionaUy find a little gas in the 
goafs, and were we to have to use powder at night only, Uie 
mine could not be worked, and it is to the beet of my 
thinking very safe. The system I have named, of airing 
fiery mines and using powder too, I have never yet known 
to fail, nor, in many thousands of straight places driven, 
have I known the slightest accident to happen. What 
the result has been of places aired by the same air 
going through 14, 20, or more, we most of us know. I have 
known cases oi blown out shots, but beyond levdling 
the brattice of the place, I never saw anything done to hurt 
adjacent places. To stop this I some years ago, before the 
Act of '72 came in force, made a rule ; I would never allow 
any shot to be fired without the fireman had previously 
seen and examined the drill-hole, and satisfied bi'mHAlf that 
such hole neither was in the roof, nor in the fast, at the 
side, nor drilled beyond the holing. This rule I have bad 
carefully carried out, I may say, since 1870, and it has often 
heesi a matter of surprise to me that it was not made a 
" Government Rule." I believe it to be most important, 
and if the air be at all loaded (in one of the long round 
splits I have mentioned), and the mine at all dusty, a blown 
out or fast shot may do incalculable harm. From my 
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experienoe of coUiers in Lancashire, I doubt there are manv 
ooUieries where thia rample rule u neglected. I speak can- 
fid^itly, because so many colliers said " it was never done 
where they came from," and many ia the shot that has not 
been fired because the collier had put his cartridge in and 
" stemmed " against orders before the firemen came. I do 
not say there are not collieries where this is done, but simply 
there are a good many where it is not done. 

One great reason against long splits is, where much dnat 
exists on the road and in working places, such a great 
danger arises from a blown out shot, or a very slight ex- 
plosion of gas being by such cause augmented into a heavy 
explosion. Many here know how the bodies of poor fellowB 
found after an explosion are covered with dust, which oftoi 
fills eyes, ears, and mouth. Therefore, the more dusty the 
mine, the more I would split my air, (remembering not to 
get such splits as would be too feeble for their work.) 

These remarks may hardly bear upon the points I wifh 
you to consider, but I make them before advancing an 
opinion I have, and which may be new to some of you, viz., 
I consider an Inspector of Mines ought to be left to judge 
whether a mine be safe for powder, which judgment would 
be guided by his knowledge of the splits, etc., and of the 
mine, and not by the words of the Act with regard to the 
" blue cap." 

I believe, with plenty of air, judiciously used (of course 
this means good power, good airways, and careful ovenaen), 
powder can he used safely in any mine not subject to out' 
bursts ; that to prohibit it in all mines because it may have 
been abused in some would be unjust, and raise grave ques- 
tions as to abandoning very many seams. 

If the questions I have raised are considered worth dis- 
cussion I shall be glad to hear your opinions upon them. 

It is a matter of regret to me that I cannot attend to read 
tiiis myself, but circumstances quite prevent me. 

Dcinzeaoy Google 



808 

Mr. HiQsoN said that, so far ae lie was able to appreoiate 
it, the paper seemed to deal more particularly with the 
question as to whether it was the duty of an inspector to 
determine if a mine were safe for the use of gunpowder or , 
otherwise. It seemed to him that it would throw a ccmsi- 
derable onus upon the shoulders of any inspector who had 
to so determine whether a mine was safe or not, and probably 
the inspector might not like to have that onus resting upon 
him. As regarded what might or might not be "a panel," 
he did not think anyone was very clear about the law ; and, 
probably, until the question was legally settled by some 
trial which would form a precedent for all future cases, it 
would remain undetermined. He beliered, in the case of a 
mine which was worked, one distriot with powder and 
another without, that it was absolutely requisite to give 
official notice of such action, and no doubt the legislature had 
allowed considerable latitude to inspectors in determining 
what waa really a panel. He believed that practically what 
Mr. Barnes suggested as being the best course had been, up 
to this point, in the hands of the inspectors, if any such case 
had presented itself to them. 

Hr. Orimshaw said that he, like many others, had been 
greatly puzzled to decide what a panel really was. In the 
old time — say in John Buddie's time — they might take the 
ideal panel as being a level course, a jig driven out of it, 
the air split at the top, and returning and passing over a 
crossing the counter level for one sub-split, returned 
directly for the counter level for the other. But the 
question now, it seemed, was whether a separate split 
meant a panel or not ; whether a panel needed to be 
distinctly separated from another panel, or whether the 
roads and works might be intermixed and simply ventilated 
by different splits. He did not know who .was to decide 
this point ; and with regard to Mr. Higson's observations, he 
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certainly thougM, if he were in an inspector's place, He 
should decidedly object to have the onns of deciding tke 
qneetdon which was raised by the paper, placed upon his 
shoulders. 

Mr. HiGSOiT described, by a rough drawing on the black- 
board, his definition of a panel, which, in so many words, 
required that the intake splits be made in the immediate 
vicinity of the shaft, and remain separated by natural strata 
until they reach the main return in the immediato vicinity 
of the upcast shaft. Where a simple over-caeting separated 
the various airKJuirents in any mine, he should not think 
that those were distinct and separate panela, although they 
were, or might be, distinct and separate splits of air. 
Where, however, they got the living coal separating tiie 
return and the intake, the various splits of air-currente lie 
should say might properly be called distinct and separate 
panela. He did not know whether that was the generally 
recognized acceptation of the term. 

Mr. Qrimshaw : Supposing you are working on the levd 
from the downcast pit A, would not you call it a panel if 
that level was continued ? These are dip workings excln- 
sivelj. 

Mr. HiGBON : The principle may be carried out to a very 
considerable extent by having overroasts and under-casts 
where the thickness is more than 10 yards, if you chooso to 
indulge in that luxury. 

Mr. Gkimshaw : But suppose the air is split and goes 
down the brow B, and a certain portion goes along the level 
and ventilates the rise, would not you call that a separate 
panel equally with the dip panel ? 

Mr. HiosoN : No ; Lf that stopping were destroyed there 
would be communication between the two air currents. 

Mr. GaiMSHAW : Would you work in the rise and the dip 
and make them into separate panels in case anything 
happened F 
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TSt. Hioson : It might be possible. But I remembdr an 
instance where there were separate panels, and where the 
violeuce of an explosion — in spite of 300 yards of solid coal 
— passed up this district, and across the pit, and went down 
into this panel (referring to the diagram), causing great 
mischief. 

Mr. BtiBRoWB said he quite agreed with what the previous 
speakers had said as to the impracticability of the Govem- 
ment inspectors deciding in any way. Many times one could 
not quite make up one's own mind, knowing all the circum- 
stances of the case, and the inspector — ^unless he spent most 
of his time at the pit — would be in a still worse position. 
The question of " panels" had cropped up two or three times 
in his experience, and he thought in one case the judgment 
of the inspector and his (Mr. Burrows' s) own opinion rather 
differed. In fact, he was not quite sure what was a panel 
and what was not. The deciding of what constituted the 
"blue cap" of General Bule 8 should, he thought, be left in 
a great measure to the common sense of those who knew all 
the circumstances of the case. They could not draw any 
hard and fast line. 

Mr. Gbihsuaw said that he had been brought up to con- 
aider a panel a portion of work ventilated by a split from 
say a main horse road, such air being carried, after having 
passed through the places by means of a crossing over the 
main horse road, into a return air course running parallel, 
or approximately parallel, with the horse road. 

Mr. HiosoN said the difBculty lay in the Mines' Begula- 
tion Act — not what they individually might think was a 
panel — and he tbought the question had better be left with 
the inspectors of mines, as they were the source from whence 
mine owners and managers derived all their knowledge on 
such points. 
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TRANSACTIONS 

Of THE 

MANCHESTER GEOLOGICAL SOCIETY. 



ANNUAL MEETING. 



The Annual Meeting of the Members of the Society 
was held on Tuesday, the 28th day of October, in the 
Literary and Philosophical Society's RoomB, George Street, 
Manchester ; 

John E. Forbb8, Esq., F.G-.S., President, 
in the Chair. 

Mr. Thomas Arrandale, Bradford Colliery, Manchester; 
Mr. Jamea Carter, 1, (Jranville Terrace, Blackburn ; Mr. 
Charles William Dixon, Mining Engineer, 19, King Street, 
Wigan ; Mr. Richard Drinnan, Colliery Manager, Outwood 
Colliery, near Manchester ; Mr. Isaiah Johnson, Colliery 
Manager, Unity Brook Colliery, Kearsley; Mr. Herbert 
Phillips, Digby Collieries, near Nottingham ; Mr. Richard 
Unsworth, Colliery Manager, Mesne Lea Colliery, Woraley, 
were elected oidiuaiy members of the Society. 



The Report of the Council and the Treasurer's Balance 
Sheet were read by Mr, J. S. Martin, Honorary Secretary. 
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REPORT OF THE COUNCIL FOE 1878-9. 

Your Council feel much pleasure in being again enabled 
to report faTonrsbly as to the position of the Society, and to 
state that the nnmber of members has been considerably 
increased during the past Session. 

One honorary and 31 ordinary members have been elected, 
while the loss has been 15, viz. : 1 honorary, 1 life, and 6 
ordinuy members deceased, and 7 ordinary memben 
resigned. 

The total niuaber now enrolled is 170, viz..: 17 bonoraiy, 
9 life, and 144 ordinary members. 

Nine meetings have been held, and considerable interest 
has been shown in the Society's work. 

Interesting and important papers hare been read and 
discussed at the meetings, and the parts of the TransactionB 
appertaining thereto hare been distributed among the Mem- 
bers ancl Societies with which publications are exchanged. 
Several Societies which hare for years receired our Trans- 
actions without sending theirs in return have, on apphcation 
being made to them, forwarded back numbers and promised 
regular exchange in future. The number of Societies 
exchanging has also been further increased. 

Considerable additions have been made to the Library, 
and your Council has pleasure in reporting that space for an 
additional bookcase has been obtained, and the books are 
now so arranged as to be available for the use of members. 

Arrangements have also been made with the Council of 
the Literary and Philosophical iSociety, for the daily use of 
their council-room by the members of this Society — subject t» 
the convenience of their own members — for reading and 
consulting the books, maps, &c., contained in the Qeological 
Society's Library. 
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Members wiehmg for books from the Library, and wbo 
are unable to call at the Society's rooms, can obtain them 
by commimicating with the Hon. Secretaries, The expense 
of carriage to and fro, as well as the risk, being undertaken 
by the members applying. 

Your Council regard with pleasure the kindly feeling 
exhibited by the Council of the Literary and Philosophical 
Society during the conduct of the negociations. 

Your Council having made enquiry of the Owens College 
authorities, hare received a reply to the effect that it is only 
the insufficiency of funds at their disposal which prevents 
the Museum being placed in a proper and suitable building, 
and that they hope, by an appeal to the public at no distant 
date, to be placed in a position to carry out their engage- 
ment. 

The funds of the Society continue in a satisfactory 
state, and, as will be seen by reference to the balance 
sheet submitted herewith, the income has been sufficient to 
meet, not only the ordinary current expenses, but has 
enabled your Council to expend about £27 on new book- 
cases, and to reduce the balance owing to the Honorary 
Treasurer to the extent of £9 12b. 8d. The £600 belonging 
to the Society, which has for some years been invested 
in the 4 per cent. Guaranteed Stock of the Birkenhead 
Railway in the names of Henry Mere Ormerod and Andrew 
Knowles, it will be seen remains untouched. Both the 
outstanding liabilities of the Society, and the outstanding 
subscriptions, are small in amount. 

There has been an increased demand during the Session 
for back volumes, as well as for separate numbers of the 
Transactions; and, for the information of those who may 
be desirous of completing their sets, your Council has 
pleasure in stating that the Secretaries, if applied to. 
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will Bupply either bound Tolumee or single parts at tlie 
published prices, if in stock. 

An instructive and infereeting excursion was made ^>y 
a large number of ,the members of the Society to Garswood 
Colliery, near Wigan, where, by the kindness of Mr. 
William Smethurst, they were enabled to witness an exten- 
Erire series of experiments with safety-lamps of different 
ooDstructions in an explosive mixture of carburetted hydro- 
gen (GH,), which was obtained directly, by means oF 
pipes, from the "Wigan Nine feet mine. 

The Society's thanks are due to Mr. Smethurst for tlie 
trouble taken to ensure the object of the ezcorsion being 
attained, and for the hospitable manner in which the 
members taking part therein were entortained. 

It was intended to visit a well-defined section of (he 
coal measures during the same excursion, but the interest 
taken in the experiments prevented the visit. It is, how- 
ever, to be hoped that at some future time it may, be 
examined. 

Attention is again called to the necessity of eseh 
individual member assisting in the work of the Society, 
by contributing papers and taking part in the discussions. 
Your Cotmcil make known, with feelings of sorrow, 
the following loss during the Session by death from the 
roll of members :— Thomas Sopwith, M.A., F.R.S., P.G.S., 
Honorary Member, and for 35 years connected with the 
Society; Mr. H. W. Litler, Life Member; and Messrs. 
John Ashworth, W. H. Chadwick, George Hadfield, Jamee 
Smallshaw, and Eichard Smith ; also Mr. Eiohard Baddiffe, 
whose decease it appears occurred in 1873. 
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THE FOLLOWING PAPERS AND COMMUNICATIONS 

HAVE BEEN BEOTTOHT BEFOEE THE ORDINAET 

MEETINGS DUEING THE SESSION. 



1878. 

November. 



1879. 
Jaavaxy. 



Pebruary. 



NicollB, ThomsB J., M.InBt.C.E., "Gypsum in the 

boulder clay." 
Grimehav, "W. J., F.G.S., " Timbering in Mines.*' 
„ „ " SinMag of surface owing 

to workiDg of Coal Mines." DiscasBion. 
Black, W. J., P.R.C.8.E., " Remarks on the CtessQ 

Bank." 
Pennington, Rooke, P.G.S., " On a Tootli of Ehinoe- 

erot Ttchorkinut, found at tbe entrance to tbe Peak 

Cavern, Castleton, Derbyshire. 
Law, Robert, ' ' On Bones of Pleistoceine Animals f oimd 

in a broken-up cave in a Quarry, near Matlock, 

Derbyshire. 
Dawkins, W. Boyd, F.R.S., "The Mammoth at 

Northwich." 

Dickinson, Joseph, F.G.S., In Memory of Thomas 

Sopwith, M.A,, F.R.8., F.G.8., Bonorary Memitr. 
Cook Charles, " Coal in Alluvial Soil at Moston." 
Wild, George, "On Explosions in Mines." Discussioii. 
Garforth, W. E., " Blasting by means of Compressed 

Air in Mines." 
DeEance, C.E,, Assoc. M. Inst. C.E., F.G.S., "Notes 

on some Triasaic Borings." 
Smethurst, William, P.G.S., and James Ashworth, 

Mining Engineers, "Safety Lamps." 
Atberton, James, "Notes on a Recent Boring in 

Openshaw, near Manchester, with remarks on the 

Manchester Coal-field, and the district to the East 

of it." 
Bradbury John, " Section of above Boring." 
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April. Livesey, Cle^g, " Section of Strata at Bradford 

CoUiery." 
Kinahan, a.H., If.B.I.A., "Diagram of the Irisli 

Palfflozoio Bocks, Bhowing a nearly contiimouB 

sequencQ from the Coal MeaenicB to the Cambrian." 
May. Aitken, John, "On the ocmurence of a bed of Iron 

PyriteB in the MiU8tone_grit in the "WaUden Valley, 

near to the reroaina of an ancient Bloomary." 
Spinks, W., Stad.InfitC.E,, "Micaceous Sandstone 

in the Boulder clay." 
Flent, John, E.G.S., " Shap granite in thebonlder 

clay in Lower Broughton." 
Jime. Grimshaw, W. J., F.Q.S. "Boots found at great 

depths." 
Bames, Bichard J., U.E., " On the nse of Powder in 

Mines." 
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The Bep<nt and BalAnce Sheet irere ananimoiuly adc^ited, and 
ordered to be printed. 

The folloning gentiemen were then propoBed and eeconded, and 
declared duly elected bb OfBcera and Uembers of the Council for 
the ensuing year : — 

Preaidertf: 

LOHD LINDSAY, F.R.S., F.E.A.S. 

Vice-Preaidenia : 

RiOHT Hon. Thb EABL OF BRADFORD. 
RiOHi Hon. Tkb EARL OF DERBY. 
Right Eoh. Thb FARL OF ELLESUERE. 
SiB TJ. J. KAY-SHUTTLEWORTH, BiiT., M.P. 

Ox-officio Vioe-PrBSidenfs : 
Bat PHILIP DE MALPAS GREY-EaERTOH", Biai., M.P., F.H.8. 
JAMES HEYWOOD, F.E.S. 
G. W. ORMEROD, F.6.8. 
E. W. BnfNEY, F.E.8. 
JOSEPH DICKINSON, F.G.S. 
ANDREW KN0WLE8. 
G. C. GREENWELL. P.a.S. 



JOHS J 
JOHN KNOWLES, M.InstCE. 
THOMAS KNOWLES, M.P. 
W. BOYD DAWKINS, F.E.S. 
R. CLIFFORD SMITH, F.G.S. 
JOHN E. FORBES, F.0.8. 



Treasurer: 
HENRY MERE OEMEROD, F.G.S. 



. MARTIN, F.G.S. | G. C. GREENWELL, Jum. 



Other Members of the Council: 



, Est. a. CEOFTON, M.A. 
RALPH FLETCHER, Jcse, 
JOHN HIG80N, F.G.S. 
CHARLES HAEDWICK. 
ROOKE PENNINGTON, F.G.S. 
J. BE8WICK PERRIN, F.K.. 
Q.C.P., P.L.S. 

A udifors : 
EDWARD PILEINGTON. | CLEGO LIVESEY. 



J. F. 8EDDON. 

W. 8METHDRST, F.G.S. 

PETER SPENCE, F.C.8. 

A. W. WATERS, F.G.S. 

GEORGE WILD. 

H. A. WOODWARD. 
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NEW OEDINAET MEMBERS. 



Ashvorth, James. 
Afihworth, Thomas. 
AtkinBon, Samuel C. 
Atkinson, "W. N. 
Baxter, Henry. 
Bradford, Rt. Hon. Earl of. 
Brocklehurst, Thomas. 
Burrows, John S. 
Clayton, Abel. 
EllsBmere, Et. Eon. Earl of. 
Greener, W. J, 
Qreeawood, John, Jnn. 
Qregson, Edward. 
Hedley, John L. 
HoHen, Charl«e H. 
HoUingworth, George H. 



Howell, John. 
Jackson, Charles Ot. 
Lindsay, Lord, F.B.S. 
Longboiham, Jonathan. 
Lupton, Arnold, F.G.S. 
Maiden, Sampson. 
Nail, Simon. 
Nelson, William. 
Perrin, J. Beawick, F.K., 

ao.p. 

Settle, Miles. 
Stephens, James H. 
Statter, W. H. 
Walahaw, John 
Warhurton, William. 
Wells, Samuel B. 



NEW HONOEAUT MEMBER. 
Q. H. Kinahan, M.R.I.A. 



MEMBERS DECEASED. 



Ordinary Members. 



Aahworth, John. 
Chadwick, W. H. 
HadEeld, George. 
Radcliffe, Richard. 
Smallshaw, James. 
Smith, Richard. 
Litler, H. W., Life- Member. 
Sopwith, Thomas, M.A., F.B.S., F.G.8., Honorary Member. 



Dcillizedoy Google 



MEMBEES RESIGNED. 

BaiLgay, Richard. I HeeliB, Jolm. 
Goodwin, George. Ogden, SamneL 

Greg, E. P., F.G.S. | ' Walton, James F 
Wild, John. 



PAST PRESIDENTS OF THE SOCIETY. 


y«rol 






BIM^OD. 






1838-9-4(r» 


Egerton, The Rt. Hon. Francis, M.P 




1841.2-3 


Hepcood, James, F.R.8., F.G.8. 




1843-4-5 


Egerton, Sir Philip de Malpas Grey-, 


Bart., M.P. 


1845-6-7 


Moflley, Sir Oawald, Bart. 




1847-8-9 


ThickneBse, Ralph, M.P., Wigan. 




1849-50-1 


Heywood, James, M.P., F.R.8. 




1851-2-3 


Black, James, M.D., F.G.S. 




1853-4-5 


Ormerod, G. W., M.A., F.G.S. 




1855-6-7 


Egerton, Sir Philip de Malpaa Grey-, 


Bart., F.G.8. 


1857-8-9 


Binney, E. W., F.E,8., F.G.S. 




1869-60-1 


Kay-Shuttleworth, Sir J. P., Bart., M.P. 


1861-2-3 


Dickinson, Joseph, F.G.S. 




1863-4-5 


Knowles, Andrew. 




1865-6-7 


Binney, E. W., F.R.S., F.G.S. 




1867-8-9 


Greenirel], G. C, F.G.S. 




1869-70-1 


Aitken, John, F.G.S. 




1871-2-3 


Kncwles, John, M.Inst.C.E. 




1873-4 


Knowks, Thomas, M.P. 




1874-5 


Dawkina, Professor W. Boyd, F.R.S 


F.G.S. 


1875-6 


Smith, R. Clifford, F.G.S. 




1876-7 


Dawkins, Professor W. Boyd, F.R.S 


F.G.S. 


1877-8 


Dickinson, Joseph, F.G.S. 




1878-9 


Forbes, John E., F.G.S. 
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LIST OF MEMBERS. 

KoTEMBBR, 1879. 



The NameB of Eononry Uemben are printed in Tlsliet. 

* Members who bave compDanded tor the Annual Sutiacription. 



1877 
1874 
1863 
1862 
1879 
1877 
1865 
1878 
1878 
1877 
1878 
1878 



1876 
1875 
1879 



1877 
1862 



1867 
1878 



Adamson, Daniel, T.G.S., The Towers, Didsbury. 
Affomh, AUxoTtthr, Cambridge, MassachuBaetts, "U.S.A. 
Aitken, John, Sandfleld, TTniiBton, Ex-PtMident. 
Alcock, Thomas, M.D., Oak Field, Ashton-on-Meisoy. 
Arrandale, John Thomas, Bradford Colliery, Mancheeter. 
Arthur, David, Baxenden CoUiories, near Accrington. 
Aahworth, Edward, Stagg Hills, Waterioot, near Manchester. 
Aahworth, James, 56, Upper Duke Street, Southport. 
Ashworth, Thomas, 40, Lancaster Avenue, Manchester. 
Atherton, James, 16, Acresfield, Bolton. 
Atkinson, Samuel C, Stand Lane Colliery, Badcliffe. 
Atkinson, W. N., H. M. Inspector of Mines, Chilton Moor, 
Fence Honses, Durham. 

Bamford, J. B., Mining Engineer, Rochdale. 

Barnes, R. J., Birley Collieriea, neat Sheffield. 

Barrett, W. S., New Hall, 41, Old HaU Street, Liverpool. 

Baxter, Henry, Tyldesley Colliery, Tyldesley. 

Baaley, Sir Thomas, Bart., M.P., Eyford Park, Stow-on- 
the-'Wold, Gloucestershire. 

Beswick, James, Little Hulton, near Bolton. 

Beswicke, William, Balgay Terrace, Rochdale, 

Binney, E. W., F.R.S., F.G.8., 65, Peter Street, Man- 
chester. Ex-Pretidmt. 

Bolton, H. H., Sewchnrch, near Manchester. 

Bradford, The Right Hon. Earl of, "Weston Park, near 
Shifnal. 

Brocklehnrst, Thomas, Dean, Bolton. 
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1877 
1877 



1878 
1859 



1875 

1874 

1879 

1878 
1878 



1878 
1874 

1662 
1860 
1876 

1860 

1869 

1877 

1»62 
1877 
1856 



Broteh, Srmst Vanien, 124, Bue Terre Neuve, BroBgelli. 
Brongniart, Charles, MuBeum d'Histoire Ifaturelle, 57, fine 

Cuvier, Paris. 
Brooke, Thomas, Crawehaw Hall, EavtenetAll. 
BnrrowB, Jolm S., Athertou Collieries, near Manchester. 
Bryham, William, Imce Hall, Wigan. 
•Bueeleuch, His Grace the Duke of, Whitehall Qariem, 

London, 8.W. 
BuTTotrs, Abraham, Atherton Collieries, near Manchester. 
Byrom, W. A., F.O.S., 31, King Street. Wigaa. 

Carter, James, 1, Granville Terrace, Blackbnm. 
Clayton, Abel, 11, Chapel Walks, Manchester. 
Cooke, Charles, Hostou Colliery, Failsworth. 
«Coulthart, John Rosa, F.R.S.Lit., F.8.A. Scot., Croft 

House, Ashton-iinder-Lyiie. 
Cowburn, Henry, West Leigh, near Manchester. 
Croftoa, Rev. A., M.A., The Parsonage, Beddish Green, 

Stockport. 
Cross, John, 78, Cross Street, Manchester, 
Crowther, Samuel, Bradford Estate Offices, Bolton. 
Cunliffe, P. G., The Elme, Handlorth, near Mancheater. 

Darbiehire, R. D., B.A., F.G.S., 26, Goo^e Street, Tta- 

Chester. 
Dawkins, Professor W. Boyd, M.A., F.B.S., The Owen* 

College, Manchester. Ex-Prttident. 
Bt Jiancf, V. £., F.G.8., Geological Survey, Jennyn Street, 

London, S^W. 
♦Derby, The Right Hon. the Ewl of, Knowaley. 
Derry, Jos, Sneyd Colliery, Burslem. 
Dickinson, Joseph, F.G.S., H.M. Inspector of Mines, 

South Bank, Pendleton. Ez-Prtndant. 
Diggle, James, West Leigh Collieries, Leigh. 
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Dixoa, Charles "Vraiiam, 19, King Street, 'W^iui. 
Drinnan, Richard, Outwood Colliery, near Uancheetcr. 

EdmoodBon, ThomaB, Cliviger CoUierdes, near Burnley. 
Egerton, The Hon. Algernon, M.P., "Worsley Hall, near 

MancheBter. 
•Egerton, Sir Philip do Malpas Grey, Bart., M.P., F.B.8., 

Oulton Park, Tarporley. Ex-Pratidrnt. 
Ellannere, The Eight Hon. Earl <rf, Worsley. 
Emhkton, T. W., The Cedars, Methley, Leeds. 
£nn%iMkn, Sari of, F.E.S., Florence Court, Fermanagh. 
GronB, T. F., H.U. Inspector of Uines, Amlwch, Anglesea. 
Evans, Walter, Longsight, Oldham. 

Fairer, Jamet\ 12, Market Street, Bury. 
Fletcher, Herbert, The Hollins, Bolton. 
Fletcher, Balph, jun., Atherton Collieries, near Manchester. 
Fletcher, Thoma8,JI*-^^h Bolton. 

Forbes, John Edward, F.G.S., 2, Shruhland View, Hoole, 
Chester. Ex-Pr»ndmt. 

Garforth, W. E., Colliery Offices, Iformanten. 

OeikUt Archibald, LL.D., F.R.8., Geological Survey Offlce, 

Edinburgh. 
Gerard, Lord, of Bryn, Garswood, near Newton-le- Willows. 
Gilroy, George, M.I.C.E., Hindley Hall, Wigan. 
Greener, W. J., Pemberton Colliery, Wigan, 
■Gr«enwell, G. C, F.G.8., 8, Prior Terrace, Tynemouth. 

JSas-Pretidmt 
Gieenwell, G. C, junr., Poyaton, near Stockport. Boh. 

Secretary. 
Greenwood, John, junr., A^ton Moss Colliery, Audenahaw, 

Manchester. 
GregBon, Edward, 11, Chapel Street, Preston. 
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1877 
1877 



1864 
1877 
1861 
1864 

1874 



1877 
1878 

1875 
1874 
1838 



1876 
1678 

1877 
1878 
1878 
1874 



1878 
1875 
1877 
1877 
1879 



Grimshaw, W. J., F.G.8., Stand, Whitefield, near Man- 

cheater. 
Gnmdy, H. T., Badcliffe. 
Grundy, Joeeph, lUdcliffe. 

Hall, John, Balder9t«ne,'Walmersley. 

Hall, Robert, Hope Foundry, Bury. 

Haudsley, Robert, Burnley Colliery Offlees, Bnmley. 

Harbottle, W. H., Orrell Colliery, near Wigan. 

Hazdwick, C, 72, Talbot Street, Moss Side, Manchester. 

Haiehmi, B. W., F.G.8., Century Club, East 15th Street, 

New York. 
Haiektkaw, Sir John, Knight, F.R.8., 33, Great George 

Street, WeBtminfltflr, S.W. 
Ma/den, F. V., State Geologist, Washington, U.S.A. 
Hedley, John L., H.M. Inspector of Mines, Fairfield, 

Liverpool. 
Hetherington, Joseph, 22, Booth Street, Manchester. 
Hewlett, W. H., Wigan Coal and Iron Co., Wigan. 
*Heywood, James, F.R.8., F.G.B., 26, Kensington Palace 

Gardeas, London, W. Ex-Prmdent. 
Heywood, Oliver, Claremont, Pendleton. 
Higson, John, F.G.S., 16, Booth Stnet, Manchester. 
Holden, Charles H., Mawdesley Street, Bolton. 
Holding, WUliam, Crossall Colliery, near Tfottingham. 
HoUingworth, George H., Hollinwood, Manchester. 
Howell, John, Astley, near Manchester. 
Mull, Profetior Edward, M.A., F.R.8., 5, Raghm Boad, 
Dublin. 

Jackson, Charles O., Wigan. 

Jackson, J., 5, Wood Street, Bolton, 

Jackson, Lewis, Rocher Colliery, Ashton-under-Lyne. 

Jobling, John, Barcroft Hall, Cliviger, Burnley. 

Johnson, Isaiah, Unity Brook Colliery, Kearsley. 



DvCoOf^lc 



1874 



Johneon, 3. H., P.G.S., ^4, Albert Rood, Heaketli Park, 

Southport. 
♦Joule, J. P., L.L.D., F.B.8., 12, Waidle Eoad, Sale. 

£inahan, 0. S., M.S.I.A., Ovoca, Ireland. 
Knovles, knUnev, High Bank, Pendlebury. Ssc-Pr*iideHt. 
£nowleB, John, Westwood, Fendlebuiy. Sx-Fretiihnt. 
Enowles, Lees, Westwood, Pendlebury. 
Knowles, Thomas, M.P., DamhallHall, Winsford, ChoBhire. 
£x-Pri*idetit. 

Lancaster, John, F.G.S., Bilton Orai^, Bugby. 

Lindsay, Lord, F.B.S., 47, Upper Brook Street, London. 

President. 
Livesey, Clcgg, Woodley, Stockport. 
Liveaey, Thomas, Bjtherlow, Bomiley, near Stockport. 
Longbotham, Jonathan, Horley Colliery, Wigan. 
Lord, James, Hill House, Bochdale. 
Lupton, Arnold, P.&.S., Crossgates, near Leeds. 
Lynde, J. G., P.O.S., Town HaU, Mancheslflr. 

Maiden, Sampson, Bridgewater Villas, Stockport. 

Martin, Joseph S., F.G.8., H. M. Inspector of Mines, Park 

Villas, Prestwich. Sim. Secretary. 
Moore, Alfred, C.E., 5, Clarence Street, Manchester. 
Morton, Charlea, The Grange, Southport. 
Morton, O. H., F.G.8., 122, London Road, Liverpool. 
Hall, Simon, Newbold, Bochdale. 
Nelson, William, Leigh, near Manchester. 
Nesbitt, George, China Buildings, St. Ann's Street, 

Manchester. 
Nuttall, Thomas, Colliery Surveyor, Bury. 

Ormeroi, G. W., M.A., F.G.S., Woodway, Teignmouth. 
Onnerod, H. M., F.G.S., 5, Clarence Street, Mancheater. 
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1862 
1876 
1877 
1876 

1877 
1878 

1879 
1861 
1877 

1873 
1873 
1877 
1851 

1867 
1874 



1878 
1B77 



1864 
1873 



Owm, Profiuor SicWd, D.G.L., F.B.S., fto., BriM 
Museum, London, W.C. 

Park, James, Fern Hill, Buiy. 

Peace, Geoi^, Uonton Grove, Eodes. 

Peace, Maskell W., F.G.8., 'W^ttn. 

Penman, J. Hugh, 2, Clarence Boildings, Booth Street, 

Uancbester. 
Pennington, Sooke, F.G.S., 20, Uawdaley Street, Bolton. 
Perrin, J. Beewiek, F.K., Q.C.P., F.L.8., Leigh, 

near Manchester. 
PhiUipe, Herbert, Digby CoUieries, near Nottingham. 
Pickup, Peter, F.G.S., Towneley Colliery, Bnmley. 
Pickup, Peter "Wright, Dnnkenhalgh Collieries, Church, 

near Accrington. 
PiJkington, Alfred, Clifton Collieries, near Manchester. 
Pilkington, Edward, Clifton Collieriea, near Manchester. 
Place, W. H., Hoddleston Collieriea, Darren. 
Plant, John, F.G.B., Eoyal Museum, Peel Park, Balfoid, 

EadcMe, James, Lord's Field Colliery, Ashton-under-Ljiw. 
BoMwy, Profeuor A. C, LL.D., F.E.8., &c., 15, Croiamll 

Crescent, South Ecneington, S.W. 
Bidyard, John, Walkden, Bolton. 
Bobins, George, Ashton, near Newton-le- Willows. 

Seddon, J. F., Great Harwood Collieries, Accrington. 
Selby, Atherton, Mining Engineer, Leigh. 
Settle, Miles, Snow Hill, Darey Lever, near Bolton. 
Shnttieworth, Sir TJghtred J. Kay-, Bart., M.P., Gawthoipe 

Hall, Burnley. 
Smethurst, "William, F.G.S., Garawood Hall Colliery, Ajihtflii, 

near "Wigan. 
*8mith, E. Clifford, F.G.S., Parkfleld, Swinton, near 

Manchester. Ex-Prtiident. 
Smith, G. P., M.A., F.Q.8., Grovehnret, Tunbridge WdU. 
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Sopwith, Arthur, F.G.S., Cannock Chase Collieries, Walsall. 
Spence, Peter, F.C.S., Erlington House, Seymour Grove, 

Old Trafiord. 
fitatter, Thomas, Staiid Hall, Bury. 
Statter, ■William H., Town Hall, Bury. 
St«pheus, James Heury, Letgh, near Manchester. 

Tomlinson, Thomas, 3, Richmond Terrace, WhitohoJl, 
London, S.W. 

Tonge, James, Woodbine House, Westhoughton, near 
Boltan. 

Topping, Walter, Ashbm, neax Wigan, 

♦Tmfford, Sir Humphrey de, Bart., Trafiord Park, Man- 
chester. 

Unsworth, John, Scot Lane Collieries, near Wigan. 
UnaWorth, Richard, Mesne Lea Colliery, Worsley, 

Waddington, Henry, Burnley Collieries, Burnley. 
Waddiugton, John, Burnley Collieries, Burnley. 
Wadlmm, Edward, Millwood, Dalton-in-Fumesa. 
*Walflh, Eli, Over Darwen. 

Walshaw, John, Astley and Tyldesley Collieries, Tyldesley. 
Warburton, William, Norbury Colliery, near Stockport. 
Waters, A. W., F.G.S., Woodhrook, Alderiey Edge. 
Wells, Samuel B., 130, Bradioid Street, Haulgh, Bolton. 
West, T. E., 65, Wemeth Hall Boad, Oldham. 
Wheeler, Harold George, Cockeymoor Colliery, Radoliffe. 
Whipp, Thomas, Hawthorn Villas, Prestwich. 
Wild George, Bardaley Colliery, Ashton-under-Lyne. 
Wild, Joseph, 25, Long Causeway, Famworth, near Bolton. 
Wild, Samuel, Dean House, Buersill, Rochdale. 
Winstanley, Robert, Lancaster Avenue, Mancheeter. 
Woodward, H. A., Clifton, near Manchester. 

1877 TateB, T. M., Park HaU Colliery, Eorwich Junction, near 
Bolton. 
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PBE8ENTATI0NS TO THE LIBEAET, 1878-79. 



Barrow NatumliBts' Field Club. — Traiuactioiu. Vol. 3. 187B-B. 
Belf a^ If atural Histoiy and PhiloeopMcal Society. — ^ProceedingB. 

1877-8. From the Society. 
Birley, Hn^^, M.P. — Reports of the Inspectoia of Mines. 1876. 
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TRANSACTIONS 

MANCHESTER GEOLOGICAL SOCIETY. 

PiKT XI. Vol XT. Session 1879-80. 

At tlie Ordinary Meeting of tha Members of the 
Society, lield on Tuesday, the 25th day of November, in 
the Literary and FhQosophical Boclety's Rooms, 0eorge 
Street, Manchester ; 

John Aitken, Esq., Vice-President, 
in the Chair. 

Mr. Thomas Bums, Plank Lane Colliery, Westleigh, 
Leigh, Lancashire ; Mr. William Melling, Mining Engineer, 
Plank Lane Colliery, Westleigh, Leigh, Lancashire ; Mr. 
John Sixsmith, Colliery Manager, Snydale Hall Colliery, 
Chequerbent, Bolton, were elected ordinary members of the 
Society. 



BUEN'S PATENT BRAKE. 



Mr. Pessin read a paper on the above subject, setting 
forth — That its main feature is the short block, which enables 
a very much increased leverage and consequently pressure 
per square inch, to be obtained over the ordinary strap 
brake ; that its advantages are efEciency, cheapness, 
simplicity, and capabilif^ of having one or more applied to 
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thfl same brake-flange, thereby still further increasmg 



its power and rendering the reversing of the engine 
unnecessary whilst banking. 

Mr. Woodward said that the brake which had been 
described, offered, it aeemed to him, very little friction as 
compared with the double clip brake. There appeared 
to be greater leverage, and the mechanical arrangement 
appeared to be simple. Still he did not think they would 
get the same resistance with this brake that they got with 
one that went round the whole circumference. 

Mr. N'elson said that the brake was able to stop the 
powerful winding engines (36 inch cylinders, 6 ft. strokei 
40 lbs. steam pressure, and 16 ft. drum) in full operation, 
with empty cages in two strokes and with the full pressure 
of steam on, at the Plank Lane Colliery with which he is 
connected, thereby proving it to be a powerful one. 

Mr. E. PiLKiNGTON said that the objection to it, so iaJ 
as he could Bee, was that the power being concentrated upon a 
very small area of the drum or brake-flange, it would be 
liable to strain any weak point or necessitate exceBsive 
strength. 

Mr. George Wild said that he had always been taught 
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to believe tbat a double clip brake was the most effective 
for stopping an engine with, either suddenly or gradually. 
It eeemed to him that the application of the brake which 
had been deacribed must have a tendency to disturb the 
filings more than a double clip brake would. The large 
wheel enclosed with a doable brake strap would receive the 
pressure from all directions and would not press unduly 
on any one point. The friction being increased per square 
inch on the short block might be equal to the total friction 
on the larger brake, but he thought the tendency was to 
disturb the fixings. He did not see a great advantage in 
the new brake, though not practically acquainted with it. 
He thought a little wet or grease getting between the short 
block and the flange would more readily destroy its friction 
than would be the case with a double strap brake. 

Mr. HoLLiNGWOBTH did not see that there was any likeli- 
hood of any wet or grease getting in, as suggested by the 
previous speaker, no doubt theoretically, at least, there 
would be the same friction as when the block was longer. 
He thought the principal objection was, that there might 
be some tendency to disturb the drum or fixings. 

Mr. Pebrin said he had brought the subject forward 
simply because he had seen the brake at work and con- 
sidered it admirably adapted for its purpose. The objections 
seemed to resolve themselves into a question of " ifs " and 
" buta " ; " it might do this," or " it might do that." 
There could be no chance of the drum or flange becoming 
greasy, or getting smashed with the pressure. The brake 
had been tested for three years, both in sinking pits and in 
winding shafts, and he thought that ought to be a very 
good argument in favour of the efficacy of it. It is simply 
absurd to suppose that an homoeopathic dose of pitch pine 
can disturb the bearings or fixings of a winding drum 
capabl e of bearing at least a thirty ton strain. 
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NOTES ON THE GEOLOGY OF THE 9HAP 
DISTRICT. 

By Rev. A. Crofton, M.A. 



The object of tlie following paper is to endeavour to sbov 
that a part, at least, of the accumulations of eand aai atones 
lying in the neighbourhood of Wasdale Crag, is due to the 
action of glaciers. 

In a very interesting paper by Mr. D. Mackintosh in the 
Geological Magazine, (No. Ixxiv, August, 1870,) the action 
of coast ice is brought forward to account for the wide 
dispersion of boulders of granite from Wasdale Crag, but 
the few notes here offered will not interfere with the coa- 
clusions drawn in that paper, for probably, the deposits 
under consideration are the result of causes which were m 
operation long after the great dispersion of Shap granite 
boulders over Stainmoor Pass. 

Be this as it may. I offer the following notes and 
diagrams aa likely to be of some interest, not because they 
deal with any new discovery, but as bringing forward what 
seem to me to be well marked instances of glacial action in 
the usual sense of the word, taking place here in England, 
just as it does now in the Alps, and supplementing, perhaps, 
the work of ice floes and ocean currents. 

In no part of the Lake district are there more evident 
marks of glacial action than in the valley just above the 
Shap wells, and in the immediate neighbourhood — heaps of 
debris, smoothed surfaces of rock, scratches and furrows — all 
remind one instinctively of an Alpine valley. Amongst 
the hills at the head of the dale is an ancient lake, nov 
drained and converted into a turbary. The north bank of 
this lake is formed by the granite flanks of Wasdale Crag, 
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on which lie extensive deposits of what for the present I am 
inclined to call " moraine," full of fragments, round, sub- 
angular, or out off sharply into shapes of a semiciroular 
character. The fragments are of all sizes, derived mainly 
from the neighbouring rocks — granite, slate, and sandstone ; 
ihey are, many of them, smoothed on one side only, others 
appear to have been turned over, and after having been 
ground down on one side, to have presented another to the 
wearing action. Drawings of several of these accompany 
this paper, but the stones themselves have been thrown 
away. I had at one time a considerable number. One or 
two of them are cut down into Egures resembling those of 
polished gems, and seem to declare plainly that they have 
been held, as in a vice, by the lower surface of a glacier, and 
ground down against an abrading rock surface, as gems are 
" facetted " by a jaweller. » 

That many of the stones should be rounded as if by the 
sea, or should prove to be strangers to the district, is not 
astonishing, for there evidently were considerable deposits 
of a drift character before the Shap glacier came into 
existence, and nothing is more natural than that the moving 
ice should plough out many of these accumulations and 
mingle their contents with recent and sharply angular 
fragments, sometimes taking hold of them and grinding 
down, on one side at least, their rounded outline to a plain 
surface. The heaps of gravel and sand with boulders and 
a coarse kind of clay, on both sides of the peat moss, I take 
to be the remains of moraines, the north and south laterals 
of a glacier which formed the bed of the lake, or enlarged 
it from pre-existing hollows. The northern of these 
moraines rests on the smoothed surface of the granite, the 
southern on the hard splintery altered slat«s of the Couiston 
series. Just below the eastern or lower end of the lake is a 
long narrow mound of moraine standing out in the valley. 
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parallel to the course of the Wasdale beck and tolerably 
conspicuotis in the landscape, either in the uphill or down- 
hill Tiew. 

Into this heap the etream has cut considerably, rfiowing 
its contents to be similar to those which compose the northern 
moraine, with perhaps a smaller number of granite frag- 
mente in proportion to bulk, which may easily be accounted 
for by its being the united product of two lateral moraines 
only one of which contained granite fragments. The 
accompanying sketches and plans will perhaps make flis 
clear. The tarn above appears to be of true glacial origin, 
having been scooped out by the ice in very ancient times 
and gradually filled with water as the glacier retired before 
a warmer climate. 

The action of the stream on the terminal moraine, 
which had hitherto dammed up the water, gradually lowered 
the barrier (and consequently the- water-level in the lake) 
until only a shallow swamp was left, where the muddy 
sediment of the former lake gave place to mossy bogs and 
peat deposits. It is now to some extent drained and 
across it run the posts and wires of the telegraph. 

The glacier of Wasdale was one of a very large system of 
ice fields which can be traced over the greater part of NorUi 
and East Lancashire and even over Stainmoor toScarborongh. 
It is easily recognised by the presence of boulders of a par- 
ticular kind of granite, known as Shap granite, in which the 
felspar is disposed in large crystals of a rhomboidal form, 
often an inch or so across. A large fragment of Shap 
granite roughly resembles a piece of pudding studded wiA 
large raisins, and is not soon mistaken for any other variety, 
though.I have seen specimens in Eskdale and the Raveaglass 
district which approached very near to it. In some places 
I found in it masses of a round shape, consisting of mica 
and quartz, of a bluish grey tint, containing very littie 
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felspar. Here and there it is stained with iron, sometimee, 
again, it is green in colour or full of yellow oclireous clay. 

The granite is derived altogether from the Wasdale Fell, 
on the north of the tarn, Euid may be traced in large boulders 
down the course of the valley, the sides of which are thickly 
studded with them. 

There are some quarries for granite in the side of the hill, 
a little above the bridge of the once celebrated " North 
Road," which passes at the foot of the lake ; here good 
sections may be seen and q)ecimens obtained. A little 
further down, and on the left bank of the beck, are some 
well-exposed surfaces of smoothed and grooved rock, close 
to the side of the road. The coui^e of all the striEe on these 
is roughly parallel to the present course of the stream, jnet 
OS we should expect if a glacier once passed down the valley. 

On the opposite side rise hills of hard black altered rocks 
and flaggy sandstones of the Coniston series. Just below 
the crest of the highest point is an old atone hut, from 
which an extensive view is obtained of the course of the 
glacier. Here the old road crosses the fells on its course 
towards Eendal, having left the " North Eoad," of which it 
was the predecessor, at a point a little below the bridge, and 
crossed the beck on a bridge of its own, of which the 
remains are still to be seen. At the point where these roads 
diverge, and on the- right or south side of the Wasdale beck, 
we perceive clays and sands lying on the glaciated surface 
of the Coniston rocks, and distinctly stratified. On the 
left band side, a little lower down, we reach the sandstones 
of l^e Coniston series, where they join, in an altered state 
and in a confused manner, the great mass of the granite. 
Lower down stiU, the Conistou rocks cease, and give place 
to the Old Bed Sandstone, at a place where the beck has 
formed a small waterfall, tumbling over the hard altered 
Coniston rocks, here as hard as clinkstone, into a deep pool 

Dcihzeaoy Google 



scooped in the softer sandstone. The red rock is Tariegat«d 
Tith greenish sandstones in places, and is also found in the 
form of a coarse conglomerate, and in intermediate states 
between a coarse grit and a finely grained sandstone. At 
Shap Wells, close to the junction of the Red Sandstone uid 
the Goniston slates, is a mineral spring containing salinea 
to the extent of about 47 grains in a pint. Below the 
Wells, the sandy and shaley beds of the Carboniferous 
series are found. The most accessible quarries are near tlie 
high road, close to the toll-bar, about a mile from Shap. 
Here may be clearly seen the deposits of grey and brown 
pinel, mentioned in Mr. Mackintosh's paper, which contain 
many fragments of Shap fell granite. With these, however, 
I am not at present concerned, my object is to assert the 
claim of an ordinary glacier, acting in the ordinary way, to 
the honour of having affected the phenomena of Wasdale 
Beck, in the immediate neighbourhood of the Shap granite 
deposit. That a large system of ice floes carried away and 
widely dispersed, what a very limited glacier brought down 
is both possible and probable ; as is the other supposition, to 
which I rather incline, that when the days of submergence 
were over, the Shap glacier resumed its ancient work for a 
season, and threw up the heaps of moraine, now visible, in 
comparatively recent times. 



The Chairman (Mr. Aitken) said he had heea much pleased 
in hearing the remarks made by the reverend gentleman, 
for they had reference to a district which he himself had 
visited more than once, and had been interested in investi- 
gating the phenomena brought before them by Phillips, Mack- 
intosh, and many other observers. He noticed that in the 
paper the red rocks were described as old red. He believed, 
however, from the information he had, that the whole of those 
red rocks in that part of the country had been removed from 



Dcillizedoy Google 



tlie old nd formation Tnth which they were formerly 
classed, and were now considered of lower carboniferous age. 
The Coniaton rocks were very interesting, as showing the 
altered condition in which many of them were found. 
Some of them were hriok-red in colour, were easily fractnred, 
and showed evident signs of having been subject to very 
considerable heat. The district was one of great interest, 
and had led many geologists to examine it for years past. 

Mr. Plant remarked that there was no room for criticism 
in the paper. Mr. Crofton had described what he saw, bat 
did not advance any special theory thereon. The specimens 
produced by Mr. Crofton were very interesting, and 
were undoubtedly moraine pebbles. He remembered a 
professor saying it was impossible to tell one from a glacial 
boulder, but he did not agree with him. He had not the 
slightest hesitation in accepting those before bi'tn as having 
been worked out in the manner described by Mr. Crofton. 
He had seen many such in Wales, and they always 
exhibited a rough character on the one side, and a beautiful 
attempt at polishing at another part of the stone. 

Mr. Bkockbamk observed that Wasdale Crag was of special 
interest to Lancashire geologists, for a short time ago it was 
the generally received opinion that all the boulders we had 
here came over Sbap fells ; and in 1870 he read a paper before 
the Philosophical Society of Manchester, which Mr. Crofton 
was apparently not aware of, or he would have seen that he 
had been forestalled in a good deal that he had been speaking 
about. In the earlier part of that paper he traced out the 
origin, as far as he could, of the boulders in our Lancashire 
drift, and in the concluding paragraph showed that they 
could not have come from Shap fells at all ; that there were 
almost insuperable difficulties in the way of the belief that 
any massra of great boulders could have come from Shap 
and be scattered over the plains of Lancashire. The para- 
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graplL was as follows : — " Dr. Buckland held the opuii(m 
that the granite boulders of the Shap district had been 
carried sonthwarda by glaciers, and deposited by their 
agency over the Midland counties ; but the writer was not 
able to find the same evidences of glacial action IQ the Shap 
fells as those which exist in West Cumberland. The 
granite district of Shap is limited to an area of some 800 to 
1000 acres, comprising Waadale Pike, about two miles above 
the Shap Wells House. Wasdale Pike is not an isdat^d 
peat, but is an outlier of the mountain range at the head of 
Troutbeck, of which Tarn Crag forms the central saminit. 
The valley below the Pike and thence over the whole of 
Shap fells has a most remarkable aspect, [from the lai^ 
numbers of immense rounded masses of granite which are 
everywhere scattered. These widely-dispersed boulders 
cannot altogether be accounted for by the agency of glaciers. 
The summit of Wasdale Pike is only 1853 feet above the 
sea, and the valley at its base some 500 feet lower, and the 
junction of Wasdale Beck with the Lnne at Tebay is but 
700 feet above the sea ; so that it scarcely appears probable 
that any glacier could be continuous to such a point ae 
would admit of its transporting its moraines to the sea, 
where they could be carried away and dispersed by drift ice. 
Another explanation must be sought, and it will probably 
be found in the very fact of the occurrence of this sohtary 
peak of granite. The whole district abounds in intrusive 
veins of Whinstone and other Plutonic rocks, crowned by 
the granite peak of Wasdale Pike, which has evidently been 
forced up through the dates by some volcanic force, and 
this might produce the tremendous efi!ects which scattered 
these blocks far and wide. The denudations here have been 
on a tremendous scale, and possibly carried the granite 
boulders far down the Lune valley, and formed the moraine- 
like mounds, referred to by Dr. Buckland, near AEilntborpe 



Dcillizedoy Google 



and Lancaster, at which points possibly drift ice became the 
modifying and transporting agent." 

The Chairhas said with regard to finding Shap granite 
in Lancashire, that some years ago he, in company with 
Professor W. B. Dawkins and Mr. James Eccles, picked up 
a pebble of this rock near the banks of the river Gibble, a 
little north of Preston ; and that more recently he had 
personally collected a number on the sea shore at Hest Bank. 
They were generally small and might be termed mere peb- 
bles, and he had some in his collection now, so that they 
did find their way to Lancashire. If Mr. Brockbank 
confined 'himself to large masses or boulders he might be 
right. 

Mr. Brockbank : Any quantity has come down the Lune. 

The Chairuan : I understood you to say that none had 
been found in Lancashire. 

Mr. Brockbank : In the boulder drift ; in elevated 
positions. 

Mr. CitOfTON reminded the meeting that he had stated at 
the outset that he had nothing new to advance. He had 
simply, at the Secretary's request, placed together the notes 
of his visit to the district in question. 



ON INCRUSTATION AND DEPOSITS IN STRiM 

BOILEES. 

By Mr. W. J. Qkimshaw, F.G.S. 



The following notes do not purport to be a comprehensive 
statement of the nature and qualities of, known natural 
waters, hut rather an account of the action of a few of them, 
on the internal parts of steam boilers. Very few people 
who have had steam boilers under their supervision have 
been fortunate enough to escape trouble caused by the feed 
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water, and more especially must tliia trouble have been 
experienced by those in charge of colliery boilers, which it 
is oftentimes needful to feed with " mine " or mineralised 
water, simply becauee no unpolluted supply is available. 
The "mine" water has in many cases been so troublesome, 
and has caused bo much direct and indirect expense, that 
the use of water supplied by some town or district wafer 
works company, notwithstanding its price, has often resulted 
in a yery considerable saving. 

All known natural waters hold La suspension or solatioii 
yarious solid matters. Matter held in suspension may be 
got rid of by adequate means of filtration. In theory this 
is well enough, but in practice it is an extremely difficult 
undertaking. Filters are combined with feed water heaters 
in many cases, and certainly they do some good, although 
far from perfect. Any approximately perfect method of 
filtration would be yery expensive in the great majority of 
cases, and relatively the cost would be altogether dispropor- 
tionate to the work required to be done. Purifying the 
water before it enters the boiler being practically impossible, 
Mr. Anthony Scott, so long ago as 1827, partially reversed 
the process, and filtered the water after it had entered the 
boiler. 

This he effected by placing in various portions of tie 
boiler trays or shelves,which acted as receivers of the matters 
held in suspension. In these trays the water does not boil, 
and the greater the agitation of the water the greater pro- 
portionate quantity of sediment settles in them. These 
trays were eventually made seH-cleansing, without inter- 
fering with the duty of the boiler. 

Calcareous incniatations are more difficult to deal with 
than sedimentary deposits. These incrustations vary very 
much in their constituents, but generally contain either 
carbonate or sulphate of lime in considerable proportions. 
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Both these suhatances are difficult to deal with. It ia no 
use trying haphazard remedicB on the chance of hitting 
upon a right one, for the same process which acts success- 
fully where one water is used may be utterly useless, or 
even positively harmful, where a seemingly similar water, 
perhaps obtained from the same strata or- measures, is used. 
The safest plan is to have the water analysed, and obtain 
instructions from the analyst. Sometimes the application 
of the remedial agents requires such delicacy and care, 
that an ordinary workman can hardly be expected to attend 
to it. The generally adopted means of dealing with 
calcareous incrustations may be found in most manuals 
referring to steam boilers, so I need not here recapitulate 

Water from collieries in working, or that have been 
worked, necessarily flows upon the floor of the mine or 
mines. In many instances it makes its way under a solid 
barrier of coal, in the thill. The writer has known a case 
of wator standing against a barrier of 300 yards making its 
appearance in the thill on the lower side thereof, while the 
coal face and roof seemed perfectly dry. Water that has 
passed over or through thill generally deposits a fine 
sediment that does not cake or crystallize. This sediment 
naturally rests on the top of the flues and the bottom of the 
boiler. It is a good non-conductor of heat, and, consequently, 
the flues get red-hot in a comparatively short time. When 
the boiler is blown ofl^, all the inside is coated with it, like 
whitewash, and it has to be swept off when dry. This 
substance contains silicate of magnesia and a small quantity 
of Ume, and, as far as the writer is aware, nothing is known 
that will dissolve it, without injuring materially the iron of 
the boiler. Nitric acid will dissolve it, and sulphuric acid 
will dissolve it very slowly. The only feasible remedy 
se^ns to be, a change of water. 
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Water coming in contact with iron pyrites generally 
contains a proportion of sulphuric acid. The hest defence 
against this, is the infusion of caustic soda, thus fonning 
Bulphate of soda, which does no barm ; having an alkaline 
base. All soda compounds are soluble in water. 

It is by no means advisable to use hot well water from 
condensing engines to feed boilers, for the tallow, &c., used 
for the engines finds its way there, and consequently goes 
into the boilers. If there be lime in the water in the 
boilers, the tallow decomposes and forms an insoluble lime 
" soap." This " soap " is as sticky as birdlime, and coata 
the bottoms of the boilers and flues. Being a good non- 
ooaductor the flues soon burn through. If "hot^well" 
water is used, as much caustic soda ought to be put in the 
boilers as woidd suffice to take up the quantity of tallow 
used for engines. Tallow is composed of margaric acid and 
oleic acid, which uniting with lime form margarate of lime. 

Acid water attacks zinc or any bright metal much more 
readily than its does iron, showing that some saving may be 
affected by placing zinc plates in the interior of the boiler. 

Muriate of tin is manufactured in shallow iron pans, 
by pouring muriatic acid on granulated tin. As long u 
there is an excess of tin, the iron is comparatively uninjured. 
Placing zinc plates in boilers is simply following np tliis 
principle. In many cases in G-ermany, more especially 
where the water contains lime, these plates are connected by 
means . of wires, with a Bunsen or Sand battery. The 
electrical action prevents the foreign matter contained in 
the water from cakingj and throws it down in a sediment 
which is got rid of by means of scummers, &c. The tear 
dency of galvanic action is to precipitate insoluble matter 
in a finely divided state. The writer is not aware that thie 
method is adopted in this country, but it certainly seems 
worth a trial, the needful apparatus being comparatively 
nezpeosive and the attachment easy. 
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Waters obtained from the same source differ in comjKwi- 
tion at different times, and more especially is tliis the case 
witli pit waters, raised from a mine or mines in course of 
working. If the feed water is obtained from old workings, 
it does not differ much in quality, being as a rote as bad as 
it can well be. 

The best remedy for bad feed water, is to obtain better, 
and though the cost of so doing may appear excessive in 
mofiy cases, it generally pays well in the end. The writer 
is strongly of opinion that many people have no adequate 
conception of the saving to be affected by using good feed 
water, or where good ia not obtainable, the best that can 
be got. 



Mr. Petek Spbncb said that for several years he had 
great difficulty in his efforts to prevent the incrustation 
inside his boilers, but after making several experiments 
he discovered that no deposit but what could be easily 
blown or swept out was made if the water was rendered 
aufficiently alkaline. His boilers are fed from the Hocbdale 
canal, and the water in the boilers is tested daily, by dipping 
a piece of litmus paper in some which is drawn off from 
each boiler for the purpose, and if not alkaline enough he 
put in some carbonate of soda or soda ash. The result was 
that be bad not chipped a boiler for the last 12 or 15 years. 
An evil that hud in some cases to be dreaded was the water 
supply being impregnated with sulphuric or other aoid, 
which corroded the boilers, but this also was completely 
cured by using soda ash. He knew that impure water was 
a troublesome and dangerous thing, but he believed all 
waters containing sulphate of lime would be cured by the 
remedy he had suggested. 

Mr. DtcHiNSON said that he wished, on this occasion, to 
testify to the great advantages which the boiler insurance 
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and inspectioii companies had conferred on the oommimity 
in general, by the knowledge they had imparted in regard 
to the working of st«am boilers. 

The Chairman said he woold like to ask what effect p«at 
water had upon boilere. 

Mr. G-RiHSHAW replied, that he had only seen it osed in 
one caHe, eind some effect waa produced, but he had not bad 
sufficient experience with this class of water to give an 
opiaioQ. 

The Chairman said that the boilers under his control 
were supplied with water strongly impregnated with peat 
colouring matter, but it did not act injuriously upon the 
boilers. They had two that had been in use fourteen or 
fifteen years, and with the exception of some depoedt, the 
iron seemed almost as good as when the boilers were pot in, 
and he attributed that to the action of the peat. 

Mr. Spencb did not think peat water would make any 
deposit. Lime was the great evil that had to be contended 
with. 

The Chairman wished to know if peat acted as a preser- 
vative. 

Mr. Spekce said it might be, but when the water was in 
an akaline condition it had a preserving effect. The soda 
seemed to throw down ihe lime in a form that would not 
coat on the boilers. It lay as a sludge at the bottom, and 
all they had to do, was to take a broom and sweep it ont 
He therefore said to all people who were bothered with 
their boilers, make your water alkaline and blow off the 
sludge. 
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TRANSACTIONS 



MANCHESTER GEOLOGICAL SOCIETY. 

Past XII. Tol. XT. BBSsioir 187B-80. 

At the Obdinart Meeting of the Members of the Society, 
held on Tuesday, the 16th day of December, in the Literary 
and Philosophical Society's Booms, George Street, Mim- 
chester ; 

John Aitken, Esq., Vice-PreBident, 
in the Chair. 

M. Theophile Quibal, GoTenunent School of Mines, Mods, 
Belgium, was elected an honoraiy member of the Society. 
Mr. Charles Pilkington, of Haydock, Ashton, and Edge Green 
Collieries, St. Helen's, was elected an ordinary member. 



UPON THE ARRANGEMENT OP A GEOLOGICAL 

MITSETTM. 

Bt Rookb Pennington, F.G.S. 



The importance of museums is becoming recognised by the 
public. Books alone cannot teach science or cultiTate a 
taatfl for art ; whilst, on the other hand, the vast majority of 
students have neither means or leisure to make collections of 
their own or to visit those of private individuals. As public 
hbraries are necessary forthe popular cultivation of literature, 
so in even a greater degree are public museums necessary for 
the cultivation of science and art. Confining one's attention 
to that branch of science known as Geology, the help of a 
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Bnuenm is as indispensable as pencil <» heaeHi to the student 
of painting. He to whom command of time sad mont^ 
gives the power of extended tnvel can no doubt learn much ; 
but even then he can only gain a smattering of the history 
of ancient life, if he lacks the aid of a well arranged Hsries of 
speoimeDS, and as the \ala6 of these BpecimenB depends very 
largely upon the manner of their arrangement, th^ dw 
.order is well worUi the attention of all who ara interested 
in extending as widely as possible a knowledge of science. 
It is a matter of regret that it should be abaolutelj neeessaiy 
.in science to employ terms which are not easily uod^vtood, 
and which frequently require oonsiderable attention on^ 
part of the student before he realizes their exact meaniflg. 
It is therefore a point of conaidetable importance a point to 
whi^ perhaps sufficient attrition has not been so f ^ directed, 
to conside!' the best means of grouping the various ^>eoimeiis 
necessary to teach the science of geology, and at the BOine 
time to explain the names by which amiKigGt those vsrsed 
in science they are known. I fed considerable diffidence in 
submitting any definite scheme of arrangement to the 
Society as I have no claim to speak with authority. I con- 
fine myself entirely to considering the ammgement of a 
geologioal coUection, although I believe that many of the 
principles which will ultimately be laid down will b^ fQund 
applicable to series of specimens illustrating other sot^ues. 
Until recently, with a few notable exceptipni^ . kicsl 
museums were iU-arranged lumber rooms. Evei^thiDg 
which was worthless to its owner and had t^ mnalleat pkiffi 
' to be considered a curiosity was presented to tl^e nearest 
oolleotion. Many so-called museums have not yet advancsd 
beyond this point. Witjiin the last few weeks I Iwve seen 
.gravely recorded in local newspapers thanks from Tovn 
.Oonncil Committees to the donor of such a miscellaneoaa lot 
of rubbish as the snout of a sword-fish, a ChartiBt medal, ■ 



Dcillizedoy Google 



249 

large goose-egg, a piece of stone from Temple Bar, a airord 
used at Waterloo, on ammonite from the ooal measam, a 
foesil cockle from ditto, some copper coins, and a bear's paw. 
And even musenms under the control of manogerB whose 
scientific knowledge is sufficient to exonerate them from all 
suspicion of teing mere popularity hunters, and who have 
either been untrammelled by the rules of Town Councils or 
have bad sufficient confidence reposed in them by such bodies 
as to make them practically supreme, have still contained 
Tslnable series of objects exhibited rather in honour of f^e 
donors than in elucidation of science. Instead of distributing 
specimens according to genus or stratum, a series of Silurian 
fossils, Philippine Island shells, and Wedgwood medolliona 
will be found exhibited together in one case in mttnory of 
some local collector. Interesting as a record of industry 
and observation, such a set is, of course, useless for any 
valuable' purpose. 

Indeed, the Curator of a ooUeoti(m worth the name of a 
museum must exercise despotic control over arrangemeoits, 
and must ruthlessly exclude mere curioEaties. There are 
two ways of doing this, but if he exercises his prerogative 
with tact he will not stop the flow of liberality, and at the 
Bome time he will keep out rubbish. Assuming therefore 
that a'flysteni must be adopted and adhered to, upon what 
basis should ' it be founded. The first consideration is the 
sort of building best adapted for the purpose. Plenty of 
wall space and plenty of light are the two essentials, and 
perhaps the nearer you can approach to an ordinary weaving 
shed the bettor building for museum purposes you will get. 
As however the nature of the building must vary according 
to circnmstances, it would not be of much advantage to en- 
deavour to lay down a generd principle beyond this — that the 
ends of the curator should predominate over the aspirations 
of the architect. 
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0(uiung to the iintnediste sabjeot of the paper, I have Iiad 
in yiew a principle in limiting its scope to the arrangement 
of a scientific collection. It is true that here and there tliere 
may be found scieQtific objects more or less dovetailed into 
excellent series of art illustrations. Some people have 
entertained a delusive hope of seeing huge collectiona vUcIi 
might illustrate the growth of modem art from that of our 
mediteral ancestors, the development of their art from tie 
rude beginnings of the pre-historic races, that by Uie 
linking of these long forgotten peoples with the geological 
periods which preceded them, a continuous chain represent- 
ing the history of life on the earth might be presented 
to the admiring student. The connection between an 
"Eqzoon," if ever such a creature existed, and a picture by 
^(illais, is perhaps somewhat too broken to be of much serrice, 
nor do I think that aa admirer of the old masters, or even 
a student of hieroglyphics would reap much advantage from 
. a knowledge of Triassic marBupials or Silurian cruBtaceje. 
In fact, as a rule, the description of mind which is hesi 
adapted for tbe arrangement of art specimens does not 
possess that mathematical precision which should be appUed 
to science, and even where a curator can be found who 
happily combines the two powers, he will be liable to 
antagonistic directions from two divisions of the managing 
body, and the commencement of history, roughly ^teaking, 
marks off a naturally sharp dividing line between the two 
series of objects. Nowhere have we as yet traced a home 
growth from barbarism to civilization. Everywhere at b 
point generally about co-incident with the beginning of 
history, we have the incoming of a vastly superior social 
condition brought from a foreign source. Thus the villa of 
Carausius is in no way a development from the hut-circles 
of the brave men who lived on our moorlands before Ossar. 
There is no continuity. The wigwam is pure British, the 
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villa is entirely Roman. The one is no more the in-ogenitor 
of the other than the rifle of the Maori of to-day is the out- 
growth of the Patoo-Patoo of his ancestor who witnessed the 
landing of Captain Cook. It seems to me, therefore, that a 
geological collection should end with illustrating the sub- 
ordinate acience of pre-historio archGBology. It should, 
however, include this partly in regard to the historical 
dividing line I have above mentioned, and partly because 
the articles upon which archEcology is founded are largely 
obtained from deposits which are regularly classified by the 
geologist ; from those, in fact, known to hi'm as " Hecent." 
With these illustrations of the latest geological deposits, and 
as admirably illustrating their significance, a small and 
chw^cteriatic ethnological series might be advantageously 
combined. It is from the savages of to-day and of the last 
century that we have learnt with a odnsiderable approach to 
certainty what was the social condition of our piedeoeseors 
who used the bronze and stone implements which the 
geological strata, together with numerous cavee and burial 
mounds, have yielded to us. The main principles which 
should guide an arrangement should, I would suggest, be as 
follows: — 

1. Never assume that those who examine the collection 
understand the science to be iilustiited. Those who do will 
not be inconvenienced by efibrts t^: explain things to those 
who do not, while the latter will be greatly assisted. It is, 
of course, impossible to teach geology by the mere inspection 
of a collection, however elaborate the explanations may he. 
This principle must therefore be modified by limiting it to 
the elucidation of a few simple points which may lead the 
visitor to enquire further into the matter and so to become a 
real student of the science. 

2. Arrange the collection in its proper geological order, 
that is, let each group of fossOs be arranged both strata- 
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girqihiotUjr and acooiding to kingdoms, familifn, genera, «nd 
qteoies. 

3. Use popular namee wherever possible, as wdl as 
adeiDtifio terms, tlLat is, idierever a fossil is allied to a living 
npresmtatiTe poBaessing a popular name, let tibat popular 
nwoe with any necessary qoalificatioiis be attadied to tlis 
oidiiuuy eoientifio name of the fossiL 

4. Use every &ir device to make visitors realise the 
nature of the thing — stony remains of which they ore ezasiii- 
ing, and generally strive to render the collection popular, 
Without sacrificing aoooraoy yoa may easily preeerre 
simplioity. Do not err on the side of severity, the objeot 
should be to cater for the multitude, and the arts of oatchiog 
the attention should not be left unused. 

Many other rulee subordinate to tiieee might be suggested. 
A few of these may, I think, be advantageously indicated. 
Beginning at the latest period which the collection ia 
intended to illustrate, a short and clear explanation of t^e 
terms "Bronie Age " and " Neolithic Age " should be attached 
to each case of specimens contributed to this period. 

Although (unless archteologists have so &r altogether 
mUoaloulated the relative length of periods) the majority of 
prehistoric traces in Kngland belong to the Neolithic time, 
yet, from the nature of the evidence, this cannot be proved 
to demonstration. Have, therefore, some Swiss and Csnialt 
specimens to mark clearly the difference between the brome 
and stone ages. The articles from each cave or tumuloa 
may be advantageously grouped together ; the weapons 
of the ancient savage will show his savagery; his oms- 
ments, his pottery, and the bonee of the creatures he ate 
will show the advance he had made, whilst a reference to 
the oases containing PalEooUthic relios will lead the student 
to realize the enormous differ^ice between the two epocha 

Pencil and brush should be freely used hero, a restoration 



ciiiized oy Google 



of a Swiss lake dwelling, a Danish gallery gravoi and a 
drawing of a stone oirde will greatly help the visitor. As the 
majority of Tiiifor* will have bnt a dim notion of a tumulos 
or g^TA-moond, let there be a sketch of one, with a seotioa 
^owin^ interm^its in sitit, whilst near it may be plaoed a 
cinerary vjea with its contents oarefolly arranged, and, (dose 
at hand, there may be a ' short printed defioription or 
explanation. One sudi nm and its otmtents bo arranged and 
desonbed will teaoh more tlian fifty labelled in the ordinary 
way. 

Coming to &e Pleistocene period, it may be found 
adTontageous to interpose between the Ifedlitfaic period md 
the hnman rdics of tiiis earlier epoch a series of the gTiinm ^ 
remains of the period. In my collection at Oastleton I have 
arranged the wholeof the bison, bear, and reindeer specimens, 
obtained irata Windy Enoll (wbioh probably represents a 
ratbor latw portion of the Pleistocene period), and also the 
rhinoceros, hyssiia, mammoth, bison, horse, bear, Eind lion 
remains horn Crosswdl and oUier northern localitiee, in a 
position intermediate between the remains of the cave men 
and of the men whose implements are found in river gravels 
and those of ike later prebistorio peoples. With these relics 
of Faheolithid man a few of Chose implMnente of Hia 
Palaa^thio type which have been obtained from recent 
savagels may be introdnoed with a proper description. 
Whelh^ the supposed identification of some of the cave 
men wit^ the Esquimaux is anything more than a guess is 
not a matter for preecmt disoussion, but the rraonblanoe of 
PakeolitHo implementa and drawings to those of the Arctic 
people, also (shangely enough) to certain oi the South Sea 
Island^^ will ewve to oonvty vividly to the mind of the 
virator the incontestably human origin of these ancient 
weapons. 

B^Eerring for » moment, again, to the Ifeolitlnc period, I 
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lure notioed that many peq>le who were inoredolo&s as to 
tiie artificial character of many fiint scrapers have been txm- 
Tinced on this point by being shown such an implran^ 
quite as rude in its fashioning as most of those picked up on 
our hills and downs, which had been obtained from one of 
the Swiss lake dwellings, and waa still in its original wooden 
faafting. 

Witli respect to what is more ordinarily known as a 
geological collection, there is here even more need of 
ingenuity in order to make the student realize the bearing; 
of the specimens upon existing types of life. A. few pen aad 
ink sketchings or water colour drawings showing what extinct 
creatures probably were like, will be found a great asaii- 
(anoe. These may be easily introdnoed into the case without 
occupying very inuoh space. Restorations of a mastodon, a 
macfaairodus, an ictliyosaurus, a pterodaotyle, an i^ocrinite 
will serve as examples. A sketch of a mammoth, a piaster 
figure of a cheirotheriom, a drawing of an Irish elk, will 
teaoh most people far more than uiy number of 
SesquipedaHa rerba. Again, wherever it is poBsible, 
particularly with respect to the mollnsoa, a recent eihcU 
might be placed in the case side by side with the fossil. To 
take one or two familiar examples, he «:ho sees a mactraor 
a tellina or a turritella, such ae may be picked up on British 
shores, or a couus or a volute from the TniliHn seas, aide hj 
side with a Pleiocene or Eocene fossil, wilt probably reahse 
&r more dearly that the fossil was originally the envelope 
<^ a living creature than he would do had he no such recent 
assistance afforded him. This assistance need not be limited 
,to tertiary forms, but may be extended by ingenuity ahnost 
•to the earliest strata. An Australian trigonia side' by side 
.witb an oolitic trigonia is an instance. Even where it is 
difficult or impossible to supply this aid, clearly printed 
Jab^ should be freely supplied, either describing the natoie 
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of the creature or saggesting, if not aotuaUj* exhibiting, 
some living Bnalogae. For instance, as oidinaiy visitor will 
get but little infonnation from the name " beiyx " attsohad 
to a speoinien, bat it Till posaess a new interest for him if 
he is ttdd that the fossil is one of a fish not unlike a peroh. 
Let him know that a hipparion was a first cousin to the 
horse, that a spatangus was a sea urchin, a belenmite the 
bony interior of a cuttle fish, and bo on. Thioaghout the 
collection the student should be rraninded that there were 
differences of temperature and conditions of life over the 
Burfaoe of the globe in former geological periods, just as at 
present, and that, fossils from Tarions regions may be the 
r^ics of conten^raneouB life, although widely differing one 
frmn another. For example, the greater warmth of the 
meiocene period as compared witit that of the present time 
in Europe may be noted, and the names of the various genera 
of trees which then flourished in Switzerland and other parts 
may be freely translated, in order that t&e visitor jnay 
compare them wit^ the vegetation of warmer climates to- 
day. Similarly, the meiocene, oarboniferous, and silunan 
fossils discovered in the polar regions may be brought into 
prominence for the purpose of fixing in the memory a very 
important fact, which even able geologists are, perhaps, too 
pn^|e to overlook when they confine their attention too 
stedffutly to one limited district. No space will be taken up, 
but very useful lessons may be taught by attaching - to the 
tftbleta upon which specimens are mounted a note of 
their range. in time. I need hardly say that the zoological 
order of the fossil belonging to various formations should be 
indicated. I am not quite certain that this is best done by 
difier^it coloured taUets or by labels attached to each group. 
I radier incline to the latter mode, because the former 
implies an effort of the memory as to the colour denotiag 
' each, family which I think it is, perhaps, unwise to demand 
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from tite .avenge visitor. li the name ot eaeh isxiaij is 
jdmoed in juxt»-poaition with the group of foMils belong^ 
to it, no great ataount of room need be taken up, and (Ke 
indication is ever present. Similarly, the habitat of the 
cnatore, that is, whether it is a marine, freBhwater, or liffid 
animal, may be easily denoted by a small dip affixed to each 
Rpecunan or its tablet. Hera and there short aobonats (A 
the differenoee between allied and frequ^itly ocoarrisg 
forms may be given in dear terms ; as for example, the 
resembhiBcea and distinctions between a terebratula and a 
liLynohonella, a spirif«r and a prodoetus, a nantiliu, 
ammonite^ goniatite^ and belemnite. 

Casts of the rarer ioesjls should supplement the ocmuiwii 
qtecies, and a few of the principal stratified rocks may be 
placed near their appropriate fossils. 

It is no part of my intention to diaonss the best sort t^ 
oases or the best sort of tablets in which to arrange speci- 
mens. I have rather desired to call attention to wbatseema 
to me, broadly speaking, to be an almost neglected art. We 
have in the country numerous admiraUe curators each l>«it 
upon an exhibition and arrangement of the specimens under 
their charge in the best possible manner. I hope I shall not be 
considered to have been in anyway wanting in defer^H» to 
those who have had so much more experience then joyteii, 
but it does seem to me that it is desirable; in the first place, 
that, if possible, some uniform mode of arrangement should 
be decided upon, a mode at any rate as uniform as osii be 
aoDording to the varying designs of teachers, and furtherj that, 
in any case, public discussion and criticism as to museuins 
may be advantageously applied. I venture to hope that-the 
curators of the various mmseums in this district will not 
consider that there is any in&action of their dignity in 
listening to and considering what students moat desire and 
want. We have had of late years a considerable amount of 
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paUio aMentioii directed to the best mode of oonduotiiig tliat 
oompanion of a museam, the Library. The main object of 
amuagiug a library well ia to give each atudeDt the greatest 
facility for getting the book he wants to read. Wlien, aa in 
a moBeniQ, the book has frequently to be read and erea 
intei^)reted to him, its otmduct becomes a matter requiring 
eyea greater attention than the grouping of the Tolmnes 
under a librarian's charge. 



FrofesHor Botd Sawkths said : I have iistened with very 
great satisfactioa to what has Mien from Mr. Pennington's 
lipa, and I have entire s^pathy with those ^pressions oi 
eoom to which he has treated us with regard to the osual 
condition of museums in this ooimtiy. I quite believe, with 
him, that the only complete and proper museum which should 
be is of that kind which he has put before ua so exceedingly 
well; and I would even go fiirther than he has gone 
ia this matter. I do not know anything more likely 
to prove that we are behind the rest of tbe WOTldrin 
scientific pursuits, so &r aa the general mass of the people 
goes, than the oondition of the miueums in this country aa 
compared with those elsewhere. The museum Mr. Pennington 
has sketched to us is to a very large extent a pure ideal, so 
iai as relates to this oountty. As &r as I know it has only 
been attempted m one little place, Castletou, and it has 
not been p^feotly raaliaed even there. It is absolutely 
imposable tax any one individual to gat togetlier a su£B- 
ciently large ocdleotion of thiiigs to illustrate the wh(de 
histtoy of nature. In this country, so &r as I know, 
there ia no natural hiet<ny museum which gives as a picture 
of nature even in outline. If, however, I go to placra such 
aa New York, I do find a certain attempt at it. If I go to 
the principal cities in Europe I find large and well-ajranged 
museums, and to a v^ eonsideaable extent properly labelled, 
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a fine series of the fbssilB ^rfiioh belong td the soatli east, or 
the north east of Gh^at Britain, hut we conld at least 
expect, and did in &ct realize, the collection and preBcarratioii 
of ohjects vhioh were local and more directly inter^tiog to 
onrselTes. In no otiter mtueimi in Q-reat Britain wOuM they 
find HO large a numbw of the fossils of the coal meaaures (* • 
of the Falieozoic period aa were to be seen in the Manchester, 
Liverpool, and other northern mneemns. As to Mr. Pen- 
nington's views, it is right that everyone should exe^iee fais 
own notions about the arrangement of a museum. If he had 
the time ot could spend the money to carry out big bobby it 
'was perfectly right he should do bo, bat if he thought tlut 
be could impress any body of men like a committee of & 
Town Council with any crotchet which he or anybody eix 
possessed, he was much mistaken. Town Councils asserted 
independent authority over the management of their own 
museums, and we must credit them with a desire to do the 
beat for the institutions under their chaise. But to offtt 
advice to committees which they never asked, to tell them 
that everything done was inferior to something done else- 
where, would be a veiy wrong vsy of bringing about any 
reform or improvement in their musenmB or libraries. 

Mr. Mabtih {Hon. Sec.) said he certainly could not agree 
with Mr, Plant that the paper was out of place before tliis 
Society. Ho thought it Would interest a majority of the 



Mr. "PEtrsniaios said, with respect to his paper coming 
within the scope of that Society's operations, he could not 
conceive any better subject to be placed before a Geological 
Society than a spread of the knowledge of geolt^, and that 
could only be done by the proper arrangement and popolariring 
of museums. Aa to the novelty of his views, he was not 
prepared to enter into any contest with Mr. Fltmt. He wai 
not aware of those numerous works to which Mr. Plant had 
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lefened j lie ivould have been only too glad to have beeo 
aoquainted vith them, bat must confess his i^oranoe. 
Certain he was, however antiquated those views might be, 
they had not produced any reform of museums iu this oountiy, 
Bueh as Tn/ighi have been expected if expounded by eminent 
men so many years ago. He most disclaim the slightest 
inteution , of reflecting on the museum with which Mr. 
Plant was connected. He believeS, from what he knew 
of it, that it waa doing good work, but whether it was 
ganged in the way he (Mr. Pennington) would su^^^t was 
altogether another matter. Mr. Plant might have his own 
opinion, as Mr. Dawkins had his, as to the best way of carry- 
ing out the work in which he was engaged. He could only 
say, forth^, that there was not a word in his paper whi<^ 
could fairly be construed as an attempt to lecture either 
Town Councils or anybody else. Town Councils certainly 
ought to be amenable, perhaps more than other people, to 
poblic criticism, and the more public tnitidsm and thought 
could be devoted to the queBtion of the proper arrangement 
of museums, the better it would be for the rising generation, 
as far as their education in geological science went. 



OS THB DISCOYEaT OF AJT ASCIENT IBONMHTE. IF 
CLIVIGER, AND SOME FUBTHEE EEMAJtKS ON 
THE KEMA1S8 OF OLD BLOOMAHIEB IN THE 
NEIGHBOURHOOD OF TODMOEDEN, 

Bt Mb. John Athkms. 



At the meetJng held hem on the 27ih of May last, I drew 
the attention of the Society to a bed of ir<m pyrites which 
had necently. been diseovoed in the millstone grit, in the 
Walsd^ei)! valley, near to the remains of an ancient bloomary, 
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from whence I ventured to snggest thai ore had probaUy been 
proomed to soppl; not only this old furnace, but aim oi&fa 
which fonaexiy existed in that locality. 

Daring the discussion vrtiich ensued doubts were expressed 
as to the suitability of the inm pyrites — specimens of vhich 
were exhibited — for the maDu&cture of iron in eofficimt 
quantity and quality as to render ita use a remnnoatiTC 
undertaking. My object, on that oocaaion, being rather to 
bring the subject before the meeting in the form of a 
suggestion, which seemed to me to offer a probable solution 
of an existing di£Saulty than as the assotion of an in- 
disputable scientific fact. 

Since the reading of that paper I have continued my 
investigations in the neighbourhood with the view of ^tki 
confirming my former suggestion, or of finding out some 
more satis&ctory sjiswer to the perplexing question as to 
where the ore came from to supply these old bloomariee, and 
I have now to state that my efforts have been rewarded by 
obtaining evidence bearing upon it, whidi I feel confident 
will oSer a satisfiiotory solution of the matter, and remove 
the difficnlty which has hitherto surrounded it. 

This consists in the discovery of an old disused ironstime 
mine, which has be^i wroiight on an extensive scale at a 
v&[j remote period, and tmra whence a large quantity of ote 
must have been extracted, the date at which it was used 
being so distant that the entrances to it had become com- 
pletely blocked up, and concealed from view, and its vay 
existence almost forgotten in the district. 

The situation of this mine is in the Cliviger vall^ (a de^ 
rocky gorge running from Todmorden te Burnley, about half 
way between the two towns, and close to the summit, where 
the twin rivers, Calder, take their rise) in a steep escarpment, 
on the north easterly side of the valley, known as Ruddle 
Scout, 



Dcillizedoy Google 



363 

The workings as alretidj stated, are of condderaUe extent, 
conBisting of a Beries of long drifts or chambeiB driven into 
the aide of the MU, &om vhence dde workings were set off. 
The refuse shale having been disposed of — as far as possible — in 
the old drifts after the extraction of the ore, and the r^nainder 
dischaigad down the &ce of the cliff, into the vale below, 
thus fcoming large spoil heaps opposite the several entrances. 
The works appear to have been set out and conducted with 
fail skill. Most of the main roads are still open, and may be 
traversed for considerable distances at tJie present time, their 
preservation being attributable to tie ohatacter of the roof, 
which consists of a platy fine grit rock, and the prudence of 
the aiKSMit minexs fu leaving as supports either portions of 
the undisturbed strata, or when removed by building up 
stroi^ sustaining walls, in consequence of which the mine 
may be explored and the workings examined over a con- 
siderable area, the fartheet points reached being upwards of 
300 feet from the ^itrance, when further progress was arrested 
by standing water in one direction, and by a &lling of the 
roof in others. 

The roads — where in their normal condition — are about four 
feet high and four ieet wide, the side workings being generally 
set off at right angles to the main roads, and appear to have 
been driven of various widths ranging from four to ten feet. 

The bands of ironstone are very variable, ranging &om one 
to four in number, and from half-inch to five or six inches in 
thickness, and are also found at various levels. The upper- 
most seam, which occurs generally a few inches below the 
roof rock, is, however, the most regular and persistent, and 
ia also the thickest in the eeriee. 

The following three sections, taken at different part« of 
the mine, will illustrate this foot : — 
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No. 1 Section (tc^cm 
Roof rock — flaggy sandeUiiie. 

Black laminatsd shale 

iTOOstoae, from four to six inches 

Black humoated shale 

Ironstone, from one to two inches 
Black shale 



N(»ih Road). 

ft, in. 



4 1 



No. 2 Section ftaken in one of the workmge). 
Roof rock — flag^ sandstone. ft. in. 

Black laminated shale 2 

Ironstone, in two layers, separated by a 

thin parting of shale 6 

Black shale 3 6 

4 2 



No. 3 Section (iM S.W. 


worhviuf.J 




Boof rock — flaggy sajldstoiie. 


ft. 


in. 


Black laminated shale... ... 





3 


IroDBtone ... 




,. 


S 


Black laminated stale 




.. 


6 


Ironstone 




.. 


li 


Shale 




.. 


8 


Ironstone 




.. 


li 


Shale 




.. 


10 


Ironstone 




.. 


Oi 


Shale 




,. 1 


4 



From these particulars it will he perceived tliat the aggre- 
gate thickness of ironstone only reaches about six: and a half 
inches. 
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It is Bomewhat remarkable that so small a proportion of 
ironstoQe to the quantity of shale ranoved should have 
possessed sufficient value to ensure its being economically, 
pursued. From the feet, however, of its having been worked 
on an extensive scale, — which must represent a Iraigthened 
period of active operations, — leaves no room for doubt that it 
was BO, and leads also to the further inference that ironstone 
was at that time a scarce material and difficult of attain- 
ment, thus giving to these attenuated bands a value they 
would not have otherwise possessed. 

In this respect, however, no material difference existe when 
compared with the oelebisted Low Moor meaaures, where 
three feet five inches of strata only yield six inches of iron- 
stone, in four bands as follows : — 

Roof. ft, in. 

Shale 

Ironstone nodules 

Shale 

Ironstone nodules 

Shale 

Ironstone nodules 

Shale 

Ironstone nodules 

3 5 

Yet these mines have continued to be profitably worked for 
a century at least, and, in all probability, for a much longer 
period. 

As will be seen by reference to tbe section appended 
hereto, the Arley Mine occupies a position only a few feet 
above the bed of shale in which the ironstone occurs. This 
important seam of coal formerly extended over the area over- 
lying the ironstone measures, at fix)m twenty to forty feet 
beneath the sur&ce. Immediately overlying the coal is a 
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bed of grey shale fire feet in thicbness, having a nnmber of 
ironstone nodnlee numing tfarongh it. The surface dipa 
in conformity with the nnd^lying strata, at an angle of 
12°, so that the coal is reached at a nearly uniform deptii. 
Advantage has been taken of its proximity to the surfitee 
for extracting the coal by means of shallow sur&ce 
sinkings. These shafts etnd the area in question in great 
numbei^ and give to it a very singular appearance, 120 
to 150 having been noticed. At the [oresent time &ey 
generally consist of a central hollow, from four to ten feet 
deep, with a low encircling rampart, doubtless derived from 
the refuse matter Ix^ught up in sinking the shafts and 
getting the coal. The seam appears to have been completely 
removed and the superincumbent beds let down on to the 
seat earth below, as a careful examination of the sectioD 
exposed on the side of the escarpment has not resulted in 
bringing to light any trace of the coal in situ ; small detached 
pieces may, however, be picked up in plenty about the old 
shafts. If the coal were raised at the same time the iron- 
mining operations were being conducted, doubtless the iron- 
stone balls contained in the roof shale would be utilised, and 
' that they were so is rendered probable from the foot tlist 
they appear now to be absent from the old spoil heaps.* If 
this assumption be correct, the aggregate quantity of iron- 
stone would receive a sensible increase. 

The ore does not appear to have been smelted in the 
immediate neighbourhood of the mine, as no bloomaiies are 
known to have existed in the Clirigor Valley ; flie nearest 
known ait«a being those in Walsden, referred to in my 
former paper, those in Dole^te and the Eossendaie Vallg, 
described by Mr. James Kerr,t aod two in the Hebden 

• The coal may have been need for waBting the ore before ramond to 
■ome other place for the purpose of being smelted. 

+ On. the reffiBuu of some old Bloomaiiee fbrmerly exuting in L 
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Valley, near Hebden Bridge, the lastrnamed of which have 
not, I believe, yet been described. None ofthese are more than 
seven mileB &om thie old mine, whilst some of them do not 
exceed three. The probable reason why no bloomariee were 
erected in CKviger was the want of fuel. Very little or no 
old original timber ie found in this gorge, and I have the 
authority of Mr. Abraham Stansfield, of Todmorden, for 
stating that there is no appearance of its ever having pro- 
duced such in quantity sufficient for this purpose ; hence the 
necessity of conveying the ironstone to other places where 
this desideratum existed, aa it web found much more 
economical to take the ore to the fuel than carry the timber 
necessary to supply the finnaces where the ironstone was 
procured. 

It would however appear, from the lai^ accumulations of 
burnt sbale of a brick-red colour, together with numbers of 
pieces of roasted ore which occur in close contiguity to the 
mine, and notably so on the elevation immediately above the 
principal entrances, that the iron was calcined before removal 
— the body of burnt shale having been so considerable as to 
have given a character to the top of the escarpment so 
marked as to have earned for it the name of Buddie Scout,* 

The layers of ironstone consist of irt^ular concretionaiy or 
nodular bodies — and not in regular platy bands — each piece 
being, as a rule, separated by a layer of shale from the one 
nearest to it, from which it differs in size, form and thickness ; 
th^ axe, nevertheless, generally arranged in lines more or 
less regular for varying distances, when they die out, and 
are replaced by other bands at different levels, the upper- 
most one, however, as already stated, being much more 

■ Rud lieing the Saxon for red ; Baddle being applied to Ted earth 
cobiiTed with oxide of in>n ; and Scout being the Nonnan for n high n>ck. 
It follows that the name Ruddle Scout denotes a rochy declivity sut- 
mounted by a body of red ferruginous mattei. 
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regular and persistent than the rest. These baods can be 
readily traced along the sideB of the old wc^kings &om the 
&ct of the iaces of the fractured nodulee presenting wHte 
snrtaoes, ariBing from the presence of thin layers of carbonate 
of lime, which appears to have been deposited in fine cracks ot 
lines of weakness, something after the liishion of aeptaria. 
The etratigraphical position of the ironstone beds will be 
understood by reference to the annexed section, taken 
from the Memoirs of the Geological Sorv^", which accords 
veiy closely with my own observations. 

Section Eoddle Scottt. 

ft m. 
Grey shale with six ironstone bands... 17 

Black shale with ironstone balle 5 6 

Grey shale roof 3 6 

Coal, Alley Mine, CUviger 4 

Seat clay, with two bands of coal ... 5 

Sandstone (Ruddle Scout) 9 

Black shale, with ironstone (old mine) 3 6 

Hard brown sandstone and flags 19 6 

Grey shale (grey layers) 25 

Through the kindneea of Peter Spence, Esq., who has 
taken the trouble to analyBe the ironstone, and also a piece 
of the scoriee obtained from the old bloomaiy at Bottoinle; 
Brook, in Walsden, I am enaUed to give the following 
particulars, viz. : " The ironstone is a carbonate of iron, and 
contains 39*20 per cent, of metallic iron," thus proving 
richer than the Low Moor Black Band to the extent of 9'20 
per cent., which latter only yields 30 per cent, of iron, or, in 
other words, to produce one ton Of iron 67 cwt. of the raw 
stone has to be used. 

It is well known that the rude method of smelting by 

means of the old open air furnace, especially when the ore 

• Th« CboIogT of the Bnmkr Goal Fidd. 
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liappened to be of a soioewhat le&actor; character, such as 
clay irtHiBtone usually is, the extraction of the iron was very 
imp^fectly accomplished, so moch so that " at Low Moor 
and other places it has been found remunerative to re-smelt 
the old Bhtg."* I was not, however, prepared to find that a 
piece procured from the Bottomley Brook bloomafy actually 
yielded 41 per cent of iron, or more by 1'80 per cent, than 
the ore contains. This must of necessity be an exceptional 
piece, yet it in all respects resembled that labelled Bottomley 
No. 1, now upon the table. It is, nevertheless, veiy evident 
from even a cursory examination of the slag from any of the 
old spoil heaps, that only a comparatively small percentage of 
the metal was actually secured from the stone. 

As to the age of these ancient bloomaries it is hazardous to 
offer au opinion. They undoubtedly existed at the time of 
the Roman occupation of this island, and evidence is not 
wanting pointing to a much earlier period. Professor W. 
Boyd Dawkins, in describing the Wealden iron field,t states 
that " there is every probability that they (the Wealden iron 
mines) date far back before the invasion of Csesar, the 
discovery of unbumt fragments of pottery, identical in rude- 
ness and coarseness of texture with that termed Keltic, in a 
cinder heap near Battle would prove that the cinders were at 
least of the age of the pottery, that is to say, Keltic." 

How ever this may be, no doubt can exist that the Bomans 
lai^ly wrought the iron mines of our country, especially 
those in the Forest' of Dean and the Weald of Susses, where 
vast accumulations of ancient slags occur, imbedded in which 
coins of the date of Nero, Vespasian, Trajan, Dioclesian, and 
Tetricus, together with fragments of Boman pottery and 
othffl* antiquities, have been found. 

*' From the period when the extraction of iron from its 

* Ht. James Kerr, paper previously quoted from p. 1 2. 
fTheHiEtoi7 of tlie.Wealden iron field, IBS3. 
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ons -WAS fint i«actiBed imtU a &w centuries ago at fBrtiuBt, 
the art appears to have remained nearly Btationaiy, and it 
oould Dot have heea otherwise bo long a^i the direct jaiocm, 
or that by which metal is obtained in the mailable st^ b; 
one operation from the ore,'wag the only oae known for thia 
process, as only comparatively small quantities of ore can lie 
successfully treated at a time, and it is so exceedingly simple 
as not to admit of any considerable improvement."* 

The first great st«p in advance in the development of the 
iron industry was the discovery of the art of producing cast 
iron. The time at vblcb this took place is very unoertain. 
It is, however, on record that a cast iron slab exists in Bur- 
wash Church, Sussex, belonging to the 14th century, and 
according to the antiquarian, Lower,[the first cast iron cannoiu 
were manufuctured at Buxsted, in Sussex, in L513 (Sjth 
Henry VIII.) 

The substitution of pit coal or coke for charcoal in the 
smelting of iron involved the necessity of increasiiig tlw 
pressure of the blast. This was eventually accomplished, after 
varioiu methods had been tried, by the adoption of double 
acting cylinders, which came into use near the close of the 
last century. This improvement, combined with the subflti- 
tution of the high blast furnace for the inefficient structure 
formerly in use, may be regarded aa the second great step by 
which we are conducted up to the improved modem methods 
of manufacturing iron in operation at tfie present day. 

Bloomaries, nevertheless, continued to linger on for a 
considerable time, and were not finally abandoned until about 
the commencement of the present century. 

" It was not until 1619 that Lord I>udley obtained a 
patent for smelting iron ore with git coal, a ''mode of opera- 
tion which was not successfully carried out until many years 
after that date, and it is known that the Sussex charcoal 
• Metallurgy, Ijy John Percy, M.D,, FJt.S. 
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toTS&ote were not finally blown out till 1790-1800, and tbose 
in StaSbrdahire snrvived nearly as long,"" whilst at Low 
Moor, Yorkshire, this ancient mode of smelting iron was 
directly snoceeded by the modem coke blast furnace. 

It is difficult to state with certainty the exact structure of 
these ancient bloomaries from the iact that no remains exist 
in a sufficiently perfect condition to supply the necessary in- 
formation, it is, howevei, highly probable that they were 
mere temporary erections, circular or oval in shape, about 10 
or 12 feet in diameter, the basement being surmounted by a 
low cupola built of stone and clay. Under the furnace a flue 
extended to near the centre, used for the purpose of removing 
the molten metal, and also, poBsibly, for facilitating the 
admission of air ; the aides were also perforated with holes 
for the admission of air, which could be opened or closed at 
will, so as to utilize the current to the greatest advantage 
which might at the time he blowing in any direction, and to 
effect this more completely they were generally built upon 
eminences on the sides of valleys. In emptying and re- 
oharging them it was necessary to remove the upper part of 
the fiimace, hence the ruinous condition in which their 
renaaine are always found at the present day. Furnaces, very 
similar in structure to those just described, are still in general 
use amongst many of the hill tribes of northern India, in 
Borneo, and Madagascar. 

The fuel made use of being charcoal, it was essential, to 
select such situations as afibrded the requisite supply of 
tiinber for the manufecture of that material. 

On the discovery of the art of producing east iron, and 

utilizing it for the manufacture of ordnance and numerous 

other articles, the number of smelting fomaces increased to 

each an extent, and the consequent consumption of charcoal 

* On tb? rem^iu of nome old bloomariea exiatiiig in laaeatiuie, 

by Itr. Jamw Kerr. 
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became so heavy as to threaten the total deab^ction of timba 
taeea in the pincipal iion producing districta of our coimtry, 
in consequence of which it was deemed necessary, in AJX 
1586, being the 27th of the reign of Queen Elizabeth; t<> 
pass an Act restricting and ref^ulating the use of trees for 
this purpose, and also for preventing the erection of additional 
" iron mills " in fiitiire. 

These coercive measures, combined with the increuiiig 
demand for iron, directed attention to the possibiLity of 
substituting pit ooal for charcoal, which, after many Mlurea 
and difficulties, became universally adopted, and e£Fected a 
complete revolution in the iron teade of the country. 

The evidence as to the age of the Buddie Scout mine is of 
the most meagre description, if, indeed, the little known 
about it can be ctmsidered as coming under this head at all, 
being confined to the simple knowledge of the existence of 
aubterranean galleries under the hill, but when made, or for 
what purpose, nothing appears to be known, nor can I aseffl- 
tain that any documentary records exist to throw light upon 
the question. It will not, however, be safe to assume a 
shorter period than two or ihree centuries — and it may be 
very much mOre, as it is difficult to conceive that within a 
shorter period its history should so completely have vaniBhed 
&om the district where, as a rule, the remembrance of matt^% 
of local interest usually linger so long. 

In iny former paper I mentioned the existence of the 
remains of three old Bloomaries in the Walsden Valley. 
Since then several others have been diacovered, laTnging their 
number at the present up to seven, and others wUl in all 
probability yet be met with. One of these, situated on tie 
Bottomly Brook, has been previously described. Three 
others are located at Birks Wood, near Walsden church, abont 
100 yards from each other, upon slightly raised eminences <»i 
the easterly slope of the valley, ihe sites being marked by 
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accuimilationa of scori» and jneces of burnt sandstone. Ona 
is situated on & gentle elevation on the southerly slope of the 
Bamsdeu Valley, about 300 yards from the &nnhoaBe. 
Amongst the slag accumulated here, a piece of iron, described 
as presenting the appeanuoe of having been used as a die, 
was discovered a few years ago. One is situated at Banks 
Wood, near Far Hollingworth, and one between the two 
water&LlB on the southerly side of the Gorpley Glough. 

The whole of these sites are diatingaisbed by heaps of 
Bcoriie, upon which an acoumulation of soil covra«d with 
herbage has taken place, so as almost to conceal them from 
observaticm, and in two cases in Birks Wood lai^ timbar 
trees have found a congenial soil over the mounds of slag, all 
tending to indicate a remote period for the active operations 
of the Blotnmries of this locality. 

In conclusion, I desire to exprras my indebtedness to Mr. 
Abraham Stansfield, of Todmorden, for kindly drawing my 
attention to the existence of the old ironstone mine, to Mr. 
Bobert Law, of Walsden, who has rendered me valuable 
assiBtance and information respecting the ancient Bloomaries 
of the district, and Mr. Peter Spence for analysing the iron 
ore and Bcorite. 

SPECDiEira Exhibited. 

Several pieces of iroQst<Hie from old mine. 

Slag from several of the Waladen Bloomaries. 

Piece of burnt saiiclstone from Birks Wood, Walsden. 

Burnt shale from Buddie Scout. 

Boasted ore from Buddie Scout. 



Mr. Pbttkb Sfemcb said: They analysed two specimens 
which Mr. Aitkcn gave them — one of the ore, which is an 
codinary clay ironstone one, exactly similar to those which are 
used chie&y at the Low Moor iron works ; and it seemed if 
it had been got in the usual way. It is deposited in the 
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Bfaale in a sort of strata, bat being in detached pieces t% 
Ixing up the ironstone with a good deal of the shale sUcking 
to it, but the shales, having that huninated stmctuie, ue 
easily affected hj the atmosphere, and &11 away, leaving &e 
ironstone clean, the pieces being in some cases as large as ti 
horse's head, in otjiers not bi^er than a penny piece. That 
is the kind of ironstone from which, at the Low Moor Iron 
Works, for many years, they had produced almost the best 
iron in the country. It had a very high character for boilei 
plate for a long period. I know it very well, for 25 years 
ago I could not get a shale to answer my alum manu&cture, 
in this district. With the knowledge I then had of the 
operation, I went to the Low Moor Iron Works and got the 
shale there, as it had fellen off, and was clean &om those 
ironstone lumps, which we did not want. We calcined it, 
brought it to Manchester, and made alum from it. After 
two or three years we found better material near at hand. 

Mr. Dickinson : It b veiy satisfactory to find that Mr, 
Aitken has discovered the source of the ores by which these 
bloomaries vete supplied. It is well the Society has not 
been left under the impression that iron was obtained from 
iron pyrites as produced at the former meeting. Thrae is 
one point I thought Mr. Spence might have touched upon, 
being a chemist — that is, the per centage of iron left in the 
old Bcoriee. The scorise produced are not what we would c&U 
pure furnace slag. This slag which is lying on the table is 
like what would flow off from the refining process, rather 
than that from the smelting process, and being a protoiiile 
of iron, instead of a carbonate of the protoxide in which it 
exists in the ore, it is necessarily much richer, although com- 
bined with the silica which originally existed in the ore and 
in tbe finx. Tha% are open works within a few miles of this 
district, where, according to repute in the neighbourhood, 
ironstone has been worked in former times, all open ea^— 
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not by miimig ae Mr. Aitken has described. The paper is a 
very interesting one, and tbrovs some light upon the history 
of that district. 

Mr. Betley (^Wigan) : The secret of the large per oentage 
of iron in the sli^ is to be fonnd in the iact that the 
users of these ancient bloomaries were not aware of the use of 
lilne as a flux in smelting. In our ordinary blast furnaces, 
the ore and coke are now applied in connection with lim&' 
stone, limestone combining with the silica of the ore and setting 
free the iron. The silica, if not saturated, will combine with 
iron and t^e up a considerate quantity, thus rendering the 
slag highly ferruginous. With regard to the yield (something 
like 40 per cent.) I may say that is not at all exceptional, 
the yield given by Dr. Percy, in his book, of some slags 
from ancient bloomariee being over 50 per cent, of protoxide 
of iron, which is easy calculable into nearly 40 per cent, of 
iron ; and a sample which I myself found some years ago of 
slag from an ancient bloomaiy, a little north of Middleton 
in Teesdale, yielded me almost precisely the same amount. 
I fot^et the exact figures, but I think it was 40 per o^it., of 

Mr. SpenCE said that some slags from bloomaries contained 
as much as 60 per cent. 

Mr. Plant : It is not very likely in the present state of 
trade, and of the ison trade especially, that this ancient 
mine will be re-opened for commercial putpoees, although the 
deposit exists perhaps as good, if it were further examined, as 
it did in the times when it was worked. The <ddef 
interest of the subject is in the geological definition of 
its exact site in the coal measures. I was not quite 
certain whether I understood Mr. Aitken to say that these 
nodular bands lay in the lower coal measoree, and wheth^ 
he has determined in his own mind that the age which 
he can find for the old workings would be three or four 
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oentnries ago — before the time of Shakspeare. If that is 
the calculation arrived at, it is very satisfaotoiy, because it 
does not leave the matter open for further conjecture as to 
pre-historio, or Celtic, or even Anglo Saxon winking. Bat 
the workiiig of iron, of a voy primitive chanict«', wag a 
well established iudustiy in Great Britain from Auglo-Sazon 
records; and unless there ia direot proof of these mines 
having been worked in the time of Henry VIII., there ia no 
reason why he did not ext^id the age a little longer sad 
cany it baok to Anglo-Saxon times. They used to extract 
lion ores in those days, and tonelt them in a very primitive 
&shion Bufi&cient for the day. I should like to be quite 
Q^-taiu . from Mr. Aitken's statements whether it is Uie 
lower coal measures in which the bands occur. 

Professor BoYD Dawkihs : I should Uke to make a r^naik 
upon the ancient mode of working itx>n in this country. The 
lai^ series of observations made by Mr^ Lower, in Sosgex 
and Kent, and by myself and other membera of the Creologioal 
Survey, have tended in this conclusion, so &r as relates to the 
aadeot mode of working iron ores. There are large tracts of 
country covered by wood in the Weald of Sussex and Kent, 
small-poxed, so to speak, with cavities, and when these 
are examined, they are found to represent filled up sh^ls. 
It has been fonnd in every case Hat these shafts have been 
made in the search for a series of nodular iron-stone precisely 
of the same character as thme which Wc. Aitken has put 
before us. The mode in which they w&e worked was thus. 
The miners sank a vertical shaft, very seldom more than 40ft. 
deep, and when they got down to the iron ore they removed 
all within reach. Apparently they did not know how t« 
support the roof, nor were they accustomed to drive 
passives. Having got out as much of the iron ore as 
they could, they sank another shaft, and proceeded to 
fill up the previous one with the cJe&m, and as a result of that 



Dcillizedoy Google 



277 

operation, repeated over and over again, considerable diatncte 
are covered with these Bmall depressions, which represent the 
filled up shafts of old ironatone mines. These pits are not con- 
fined to this country. They are found also in France and in 
Belgium, and it seems to me they represent the most archaic, 
the oldest, form of iron mining known. Now, with r^;ard 
to the age of these iron mines, we know as a matter of &ct 
that the iron of Suseez and Kent was one of the most 
important sourees from which Great Britain was supplied 
down to as late a time aa the reign of Henry VIH., and there 
are not known in any part of that district any lai^ horizonl al 
workingB ; there are no passages extending (ax away from 
the old shafts. It seems to me, therefore, very probable 
indeed that this mode of working is the very oldest form of 
iron-mining at present known. It was also the mode in 
which the Neolithic peoples mined flint in this countiy. The 
more complicated and elaborate workings, which Mr. Aitken 
has BO well put before us this afternoon, probably do not date 
more than perhaps three, or at most four, perhaps not so 
mnoh as four, centories from the present time. As people 
learned to nae timber in supporting the roofs of mines the 
old mode of working went out of feshion, and I believe that 
it could very well be proved that it went out of fashion some- 
where about the time of the reign of Elizabeth. But that is 
a question I am snre Mr. Dickinson, or some other gentlemen 
here, will^ able to give much better information of than I 
can. I feel very much obliged to Mr. Aitken for his inter- 
esting paper. 

Mr. DiCEiNSOK said that many of the old pits intlie neigh< 
bonthood of the sub-Wealden bore-hole had not, to his mind, 
been made by sinking from the snr&ce, but they were what 
was known as bell pits—that was to say, by working under- 
groond for a certain distance from the shaft, a sufficient 
excavation was made to cause the snr&ce to fell in. That 
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was nothing new : it vai a system practised until recentiy ia 
working iron-stone where it was very shallow. 

Professor Dawkins said the evidence was to his mind con- 
elusive that the old mines in Sussex had been worked from 
above. 

Mr. Atfken, in replying, said that the bed of shale lay 14 
feet below the Arley mine, and taking that as the barasof the 
middle coal measures the iron stone deposit would lie in the 
appermoat part of the lower coal measures. As to its age he 
quite agreed with Professor Dawkins ; he thought that the 
old mine which he had described, although 'extending back 
for a considerable period, would not rank, in antiquity, with 
those BO well described in a paper by Prof^sor Dawkins pub- 
lished some time ago (and to whit^ he had referred in the 
paper read that day), because there they were aurfece work- 
ings, known to have exiBted at a very remote period. Hei«, 
the ironstone occupied a different positian to that in the 
Weald. It outcropped on the &ce of the steep escarpment, 
and would be visible to those who were seeking for it, and the 
character of the shale was such as enabled the iron to be 
extracted with facility, and at much less cost than in sinking 
&om the sur&ce. 
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MANOHESTEU GEOLOGICAL SOCIETY. 

PiKT XIII. Vol ST. Session 1879-80. 

At the Ordtnart Meeting of the Members of the 
Society, held on Tuesday, the 27th day of January, in 
the Literary and Philosophical Society's Booms, George 
Street, Manchester ; 

E. W. BiNNET, Esq., F.R.S., &c., Vice-President, 
in the Chair. 

Mr. WiUiam Fairclough, Land and Mineral Surreyor, 
Leigh, Lancashire ; Mr. William Jackson, Bower Colliery, 
Hollin^'ood, near Manchester; Mr. Mark Stirrup, F.G.S,, 
Heywood Streetj Moss Side, Manchester ; and Mr. William 
E. Teale, Fern Bank. Woraley, were elected ordinary 
memhers ; and Mr. Christopher James Schofield, Whalley 
Villa, WhaUey Range, near Manchester, (having com- 
pounded his subscription) a life member of the Society. 



THE METHOD ADOPTED IN SINKING THROFGH 

QUICKSAND AT THE BAMFURLONG 

COLLIERIES, WIGAN. 

By Walter Topping, M-E. 



The following notes and obserTations apply rather to 
Mining than to Geology, but to those members who are 
closely identified with the coal industry, they may be of 
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interest, Knd generally it may be urged that, in addition to 
tite mere knowledge that rich treasures lie under our feet, 
it Is of very great importance that we should all have some 
idea of the practical difficulties which lie betwixt us end 
these treasures. 

I propose by the accompanying plans to shorten as much 
as possible the description of the work. I must at the 
outset call attention to the relative positions of the shafta 
as well as to the machinery, boilers, buildings, and canal; 
also the necessity of limiting the superficial area of disturb- 
ance as be understood more particularly by reference to 
No. 1 Plan. 

No. 1 Pit was sunt about forty-five years ago, by Mr. 
Adam Piatt, to the Ince four and seven feet mines who, I 
believe, was the first to attempt to work the valuable mines 
under the Bamfurlong Hall Estate. 

This pit was five feet two inches in diameter, and had 
to serve for pumping, winding, and ventilating purposes. 
A few pillars in the Ince four feet mine were gotten, and 
in consequence the sand broke in, and the pit was abandoned. 
When Messrs, Cross, Tetley, & Co., (Limited) obtained a 
lease in 1867, No. 2 shaft after much difficulty was sunk by 
means of wooden curbs, and a shaft of twelve feet diameter 
secured, which was fheu sunk to the Pemberton 4. feet 
mine ; No. 1 shaft was also sunk of the same size, /com the 
Ince 4 feet mine to this seam. 

The coal-field having been proved by these shafts, the 
Company at length decided to widen No. 1 shaft from tie 
surface, and to sink two others to the Wigan Series of mines. 
In May, 1873, No, 3 shaft was commenced. Staging was 
erected about 15 feet high, and a light headgear with pullies 
put thereon. At the depth of 4 feet the sand weis reached. 
Cast-iron curbs in segments making 20 feet outside diameter, 
were then put together as high as the stage would admit. 
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These segments were 3 feet 8 in. long, 2 feet high, with 
inside flanges 5 in. broad, and two 3 in. and 1 in, thick 
strengthening ribs, these running longitudinally and rerti* 
cally. Each third ring in height had a flange 10 in. broad. 
The leading or cutting ring waa 3 feet in height with 
12 in. fianges and metal 1^ in. thick. This ring was 
2 inches larger externally than the others, the idea being, 
I suppose, that the upper rings would thereby be relieved 
of some pressure. Wood sheathing J in, thick was put 
between oach joint, and the segments were tightly screwed 
together by |in. bolts. Flanks were then laid across from 
the broad flanges, and dry bricks placed (breaking the 
Joints in the usual way), from the recesses formed by the 
ribs until the requisite weight to sink the curb was obtained. 

Sinking waa next commenced, and only suspended to 
add more castings, until the curb waa driven 6 or 7 inches 
into the marl. The Upper sand presented little difficulty, 
being, when drj', much of the same character as that 
ordinarily used for building purposes, and not under 
much pressure. The Lower sand, however, is as fine 
as " wheaten flour," and when rubbed betwixt the thumb 
and finger, in water, is scarcely perceptible to the touch, 

A wooden ring, 3 in. thick, was laid some distance in the 
marl, .which was sheared back in coming upwards, and 
4Jin. walling brought up the sides flush with the cutters. 

The marl was then sunk through, and No. 3 tubbing, of 
about 18 feet diameter put in. Weight waa introduced 
as in No. 1 tubbing, until the space for the hoppets to 
pass through was reduced to 8 feet by 4 feet. — See Plan 
No. 2. 

The workmen had barely head-room to work beneath the 
weight. Segments were added as required. The water was 
raised by Cameron's steam pumps, lO-inch steam cylinders, 
and with 7-inch lams. They were placed within the curb 

Dcillizedoy Google 



17 or 18 feet from tte bottom, and at times did good 
serricc ; but owing to the delay involved in oleaning and 
waBhing out the clacks, and the uncertainty of re-atarting, 
day after day was lost. Thin flaps of indiarubber were 
placed on the valves, and by this means the pumps acted 
more effectually than when working with brass to brass upon 
the facing, but they were frequently cut through, and bad 
to be renewed. The curb became stationary, and for a fort- 
night no headway was made in the boiling sand, althougli 
it was weighted with 130.000 bricks. Six hydraulic jacks 
were then obtained, of an effective power of 240 tons. These 
were placed between the upper and lower curbs, with no other 
result than that both curbs were very seriously damaged, 
the lower becoming almost unfit to run further. The work 
Dame to a standstill, and in N^ovember of that year (1S73) 
the writer was asked to take charge. 

The Ko. I tubbing was at once strengthened with 
stretchers of pitch pine. The state of No. 2 could not 
be seen at this time, owing to the bricks, except where the 
engine was situated. Two open lifts of 4 and 8 inches 
diameter were at once put in. Operations were again com- 
menced. Sand was pumped in quantities requiring a large 
staff of men to keep the troughs and water-ways clear. We 
frequently found, when within about a foot from the top of the 
leaders, that it became impossible to go deeper; the water 
and sand breaking in, and rising 10 or 13 feet in & 
few seconds. With this outflow from time to time, and the 
pit no deeper, the state of the surface may be imagined. 
The ground began to crack, the soil and marl having no 
support ; the curbs had an ever-extending circumference of 
broken surface, and consequently additional weight to redst. 
Bolts snapped like glass, castings split from top to bottom, 
and the sand boiled over the back of the inner curb. 

The conclusion had been previously oome to, that the 
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curbs were in rigid coutact, and aLso that a fracture, uc the rise 
Bide of the pit, had taken place in the leader. Not only did 
(he surface become depressed more upon this side (fortunately 
for ub), but the first aymptoma of an out-burst came from 
this point. There was now no alternative but to introduce 
No. 3 curb, though we had made great sacrifices to secure, 
if possible, a shaft of not less than 16 feet diameter, which 
we were anxious to obtain. The bricks were removed, 
the No. 2 curb strengthened, and, as plan No. 2 will show, 
a 3 in. flange curb was run, and successfully landed in the 
marl, December 3rd, 1873. The space between the two 
curbs was well and constantly packed with straw, as we 
feared that the upper and lower sands had become con- 
nected. The section (plan 2) shows the method of sinking 
from this point, also the wedging ring (W.) laid in the 
rock upon which the water tubbing ia bedded. Strict care 
was taken to find a suitable site for the ring, as it was 
necessary that the rock should be free from joints. The bed 
was carefully levelled, no powder being permitted to be used. 
Dry ends of spruce were used as blocking, (X) care being taken 
to collect the water from the sides in canvas bags, in order 
to prevent the blocks swelling before the operation of 
wedging had been completed. Dry pitch pine wedges were 
used, and when these would not face the blocking, iron 
wedges were inserted until the ring was secure. The 
ring (W) was hollow, 14 feet diameter, 4J in. high, and 
13 in. broad. The water tubbing had 3 in. {outside) flanges, 
and over-lapped 1 in. at the back, on two of its edges, to 
prevent the wedges and sheathing being driven through. 
The first round of tubbing was laid on the ring, with 
^ in. sheathing between the joints. Fine riddled slag, from 
the blast furnaces of the Wigan Coal & Iron Co., was flushed 
round the back. This soon became as hard as the rock. 
The full height of water-tubbing was erected in the 
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nnial wa^, when wedging wa> commenoed from the 
bottom npvards. Thie was repeated tbree times. In 
thia way the water was effectaallj made out ; but not until 
it was considered that the groond had quite settled, 
was the water allowed to flow from the discharge pipe (B). 
We gradoally added short lengths of Sin. pipes up the 
shaft, constituting a safety valve, until the maximum 
pressure was thrown upon the tobbing. In consequence 
of the tubbing having become so weakened by fracture 
from the weight imposed upon it, and having assumed 
various shapes from time to time, we were never 
clear of difficulty and anxiety until the pit was made 
good ; the removal of the pitch pine struts being attended 
with considerable risk. 

Plan 3 shows the displacement at the several depths, &e. ; 
and Plan 4 gives the diameters and depths of each set of 
tubbing. 

The walling was completed February 16th, 1874. 

The pit was then sunk to the Ince 4 ft. mine and a 
communication made with No. 1 shaft for ventilation. 

We then turned our attention to No. 1 shaft. I will 
first describe what we found in the old shaft ; or rather the 
means taken to sink it, as far as I could ascertain. Plan 5 
gives the section. 

At the outset a wooden curb A formed of 3 in. pitch pine 
planks nailed to oak rings 4^ in. square, was made of half 
the required height, and was shod with f in. wrought iron 
plating. This having been run down level with the surface, 
the other half was j oined to it. It was expected to have got 
through both sands with this, but Plan 6 gives an ides of 
its incapacity to suataiu the pressure. What had been s 
circle of 13 feet, was elongated to upwards of 14 feet 6 in. 

A wrought iron curb B of boiler plates, leaving a 
margin to allow of its insertion was put in, but it, 



Dcillizedoy Google 



also, collapsed. Inside thia, four cast iron oylioders 0, 
6 feet 11 in. outside diameter, 7 feet 7 in Mgh, and 1 io. 
thick, with inside flanges 5^in., were, after spreading a 
layer of paint and oakum, bolted together. The lowest was 
without flange and bevelled, and was ultimately cracked. 

Another cast-iron cylinder D, 5 feet 10 in. in diameter, 4 
feet 6in. in height, with 4in. flanges, was inserted inside 
the " C " cylinders, and forced into the marl. This, bricked 
flush with the flanges, formed the sides of the shaft. It 
is probable that " C " cylinder had kept back the sand, bat 
owing to the absence of a flange at the bottom, it was unable 
to resist the additional external weight, and, when the marl 
was removed from within, became damaged. These two sets 
and the wrought-iron ring would be at once blocked up ; 
small bricks, well set in mortar, being found betwixt them. 
Below this, six oak rings, 5 in. deep, were laid on 
each other, and a wrought-iron ring in 6 segments, bolted 
inside, but noi diminishing the diameter. Thus Mr. Piatt 
secured his shaft. 

I will now describe the means which were adopted in 
enlarging this shaft. 

The first curb was of the same pattern as No. 3 save 
that the cutting flanges were less. It was built as high 
as the shear legs would allow of, and run down 
to the surface, and the remaining height then bolted 
on. Four long poles, 63 feet in height, lashed together 
at the top, from which a pulley was suspended, 
formed the headgear. These rested on long balks, 
iihe ends of which were well supported, and the 
weight thereby distributed to a distance from the shaft. 
Upon the top of the tubbing balks upwards of 50 feet in 
length vaM placed, with planks laid crosswise to oonstitnte 
the platform. Small wagons containing scrap iron were 
ranged round the extremities, and the remaining E^ace 
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wu oovered with brioka and pig iron. The weights were 
traiuferred from side to Bide as necessity demanded, to keep 
tlie curb erect. The curb went rapidly home, much advan- 
t^Lge being gained by the vibrntion occasioaed by the landing 
of &e hoppets, &c. When about entering the marl it waa 
found the flange of the cutters was in contact with the 
wooden curb. Our task was to be no easy one, as the 
centre of the small shaft was not the original centre of the 
wood curbs which had been pushed down obliquely.— 
See Flans 6 and 7. 

No. 2 curb, 17 feet diameter, was put in; but before the 
third rin£ had been completed it sank so much out of level, 
and the outer curb pressed so against it, that it became 
firmly jammed. It was abandoned and left, and blocked 
with oak where the spaces would admit. Two atiffening 
rings, 7in'. high and Sin. broad, well bracketed, were placed 
1 foot and 2 feet respeotiyely from it, and blocked solid. 

These prevented further collapse. Short railway metals 
(40 lbs. to the yard) were introduced from segment to 
segment, and wedged firmly in the pockets, and kept the 
sides from bulging. These rails were chained to the curb, 
lest they should become loosened and fall under the 
leader. Another set of curbs, 14 feet 6 in. diameter, 
was now attempted to be commenced; but the s^ 
ments, before two could be bolted together, sank, 
until at last we suspended them from hidf-a-dozcai 
pairs of blocks hung from the outer curb; and when 
we had secured three rings, we let them go, and afterwards 
built them up to the full distance they had to run. Hay 
and straw were tightly pressed behind. We were nov 
prepared to sink. Not much weight was required, as the 
curb could not be sunk more rapidly than the obstructions 
could he removed. The work was tedious, both on accoont 
of the little room which we had to work in, and the time 
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occupied in cutting, with long diamond-pointed dusde, tlia 
iron boiler plate which projected ander our sinking corb. 
Once or twice there seemed no hope of success. The ground 
broke near the canal, and water found its way into ths 
pits. Near to the boilers it was subsiding also, and it 
was feared that the chimney might fall. We had taken 
the precaution to shorten it by 12 yards. We oould have 
no other foundation than the bare surface, and previoufily 
we had been under the necessity to saw out upwards of 
3 in. from one side of the stack to bring it erect. The 
great point was to remove no more sand than that due to 
the area of the pit, or failure was ensured. To have dis- 
turbed the pillars of the engines, &c., the whole operations 
of the colliery would have been suspended. Our output 
equalled nearly 300 tons per day from No. 2 pit, and 
realized the highest prices ever obtained. 

Upon the slightest symptom of outburst small bundles of 
straw, well bound, were thrown into the pit, and short 
planks put over them, upon which the men stood, and 
counteracted (the outer pressure being thereby relieved,) in 
some degree the pressure by their weight. The water only 
drained through, and the sand was stopped. We had no 
need of pumps. The water was turned down the tube, and 
afterwards pumped into No. 2 pit sump, and wound to the 
surface in tanks. Provision had been made for ventilation 
by the drift from No. 3 pit, should we be compelled to bolt 
the lid upon the " mr tube " (Plan 5), but, except upon one 
occasioD, the necessity did not arise. Marl was reached 
June I2th, 1874, after we had been engaged upwards of 
two months in passing throagh the lower sand. The 
method described in No. 3 pit was adopted, and 37 feet of 
water tubbing inserted before we oould commence walling. 

No, 4 Pit. — This pit was commenced with tubbing 27 feet 
diameter, which was in evei^ respect much stronger than any 
we had hitherto used, The flanges were 6 in. broad, tbe 
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metal thicker, and ribs introduced where posaible with the 
addition of a strong lip oTerlapping the joint at the back, 
similar to that of the water tubbing. 

The cutters were not different to the ordinary segments, 
except that they were without the flange. The No. 3 cutters, 
from their shape and height, had a tendency to wedge them- 
selves outwards. The strength of the bolts was increased 
by one-eighth of an inch, and six-sided nuts were osed, 
these being more readily accessible. The sheathing did 
not exceed half-an-inch, and the curbs had less dispoution 
to bulge. The earth down to the sand was taken out 
3 feet in excess of the diameter, and the space was wdl 
filled with light brushwood and straw. Twenty-five 
feet in height of tubbing was erected, and four logs, 56 
feet long, placed tranBveraely upon it, carried the 10 in. 
cylinder engines and four windlasses. These were worked 
by four men, with one spare man, and two banksmen to each 
windlass. Kumerous assistants kept the water-ways clear, 
and conveyed the dry and solid sand away to a con- 
siderable distance from the shaft. Two sinkers were speciaUy 
employed at each pump foot, the pumps taking the lead 
about 8 or 10 in. The greater proportion of the sand was by 
this means sent out dry. One man was engaged solely 
tightening the bolts. 

The whole of the three different sets of tubbing were deli- 
vered before sinking operations commenced, and these were 
used for weighting by placing them inside (bolted together), 
close to the circumference. This length being run down, the 
remaining 15 feet were added, and the platform and wind- 
lasses again restored. In less than six days we had run 
through the upper sand — ^viz., 9 yards. When the curb was 
sufficiently embedded in the marl, piles 8 in. broad, 3 t»4 
feet long, were driven laterally under the cutters, to prevent, 
if possible, ISo. 1 curb from going lower when the second 
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sand was disturbed. The marl wa^ bricked up from a 
Tooden ring, as described in Ko. 3 pit. Another length of 
tubbing was put inside this brickwork, and suspended from 
No. 1 ourb. The main object was to keep back side-pressure, 
so that the next course of tubbing might have to compete only 
with its own pressure. From the marl a borehole was put 
down 9 yards. Finding layers of white sand and loam, 
in lieu of quicksand, it was thought to be probable that 
the lower sand had been washed out; but we were doomed to 
disappointment. We were then 20 yards deep (the total depth 
of the other pits), with the lower sand beneath us. Within 
a foot of it, we inserted 35 feet of tubbing 24 feet diameter ; 
and suspended within this, from sets of blocks hung five 
feet apart, two rings of segments, making 10 feet vertically 
of 19 feet diameter, for immediate readiness, should No. 3 
curb not accomplish its object. Between the first and second 
curbs straw and litter were well stemmed down. No. 1 curb 
was strengthened with timbers and metals (70 lbs. to the 
yard). 

A double-acting Cameron pump, with separate deliveries, 
but connected with the rising main by two taps, so that 
one engine could be overhauled and washed out whilst 
the other was in motion, greatly added to our success. The 
sand in the ascension pipe was kept moving, and in 
solution, and, consequently, could not deposit itself on the 
clacks. 

The clacks had more lift, and the valves were of india- 
rubber one inch thick. This engine could not only pump 
sand of great consistency, but would pump pieces of coal as 
large as two walnuts. One of these pumps was placed 
8 feet from the bottom, and the other 11 feet higher up, 
on the opposite side, both being within No. 2 curb. 
Another pair of Cameron's pumps were ready on the 
surface if required. The hauling engines were those used 
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at No. 1 pit, the rope being conducted (130 yards) from 
theaoe oa regulating puUies. Qalvaimed tubes, 11 in. 
diameter, formed ttie speaking-trumpet, and ran from the 
bottom of the shaft into the engine-house. By this means 
the engineer oould, without difficulty, hear all that vas 
going on. 

Weight vas now added, as heretofore described, by placing 
bricks over the engines as high as the stretchers across No. 1 
curb would admit. Sinking was commenced, and in ten 
days the lower sand was run through. The pumps gare 
every satisfaction. No water tubbing was required, the 
brickwork being laid in cement The total weight of 
tubbing was 2^5 tons 5 cwt. 1 qr. 1 lb. 

The pit, when secured, was 21 feet in diameter at the 
surface, contracted to 16 feet 4 in., its smallest diameter, at 
a depth of 40 yards. 

The BUcmaUm mwb adjourned until ike paper ia in the hands 
of the Members. 



NOTES ON THE MORE RECENT DISCOVERIES 

IN THE CRESSWELL CAVES. 

By the Rev. J. M. Mello, M.A., F.G.S. 



It will perhaps be remembered that some time age a 
sketch of the earlier discoTeries made at Cresswell was read 
before this Society. The object of the present communica- 
tion is to give a brief account of the conolading portion of 
the work of exploration. In doing this I must in the first 
place sum up as shortly as possible the general reaulta 
gathered from the researches in the Robin Hood and Church 
Hole Caves as by so doing we shall be able to understand 
clearly the bearing of the additional facts obtained from the 
Cave known as Mother (Jrundy's Parlour. 
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The Pin Hole Cave, although QumeronB msmmaliaii 
remains of great interest were found in it, need not now be 
particularly referred to, as the more important results have 
been derived from the hirger oaves the Bobin Hood and the 
Church Hole. Both of these contained a well defined 
sequence of beds which may be correlated, there being a 
close similarity between the deposits found in them, and 
which were in all probability synchronous. In general 
terms these beds °i^7 ^ described in descending order as 
follows : — 

1. Surface soil a few inches thick. 

2. Stalagmitic breccia varying in thickness from 

a mere film to three feet, 

3. Cave earth from 3 ft. to 4 ft. 

4. Bed sand and clay about 3 ft. 

6. Light sand, forming the original decomposed 
rocky floor of the caves. 

The thicknesses and also to some extent the mineral com- 
position of these several beds varied in different parts of the 
caves, the breccia for instance was in places entirely absent 
and was represented by an increased thickness of the cave 
earth. The stalagmite which was in one part of a cave pre- 
sent in large quantities cementing the fallen blocks of lime- 
stone into a dense mass, in another part was a mere decomposed 
film. Still throughout these two caves the general character of 
the beds was tolerably uniform. In these beds, with the 
exception of the uppermost layer of surface soil, numerous 
remains of the Pleistocene mammalia were found in conjunc- 
tion with the implements of PalEoolithic man. 

The list of animals represented in these caves is both a 
long and a remarkable one, and if we include the Pinhole 
Cave, besides man we have the remains of no fewer than 19 
species of mammalia. These are: — 
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1. MaohRiroduB latidens. 

2. Felis spelwa Lion. 

3. Felis catus Wild Cat. 

4. Felis pardus Leopard. 

5. Mustela putorius Polecat. 

6. HyscDa crocuta Spotted Hyaena. 

7. Canis vulpes Fox. 

8. Canis lagopus Arctic Fox. 

9. Cania lupus. Wolf. 

10, Qiilo Iiiacus Glutton. 

11. IJrsus arctos Brown Bear. 

13. Ursus feroz Grizzly Bear. 

13. Oervus tarandus Reindeer. 

14. Cervus meg^ceros Irisli Elk. 

15. Bison priscuB Bison. 

16. Equus caballua Horse. 

17. Bhinooeros tichorinus . . Woolly Rhinoceros. 

18. Elephas primigenius .... Mammoth. 

19. Lepus timidus Hare. 

An examinatioD of the bones and teeth of these Tarioia 
animals shows that some species were fat more ahundant 
than others, and also that slight changes in the fauna of 
the district probahly took place during the time represented 
by the accumulated deposits in the caves; and it is also 
probable that not only in this particular district, but over a 
very wide area in this country, if not in other parts of the 
continent of which we then formed part, the wild fanna waa 
everywhere represented by certain predominant species. 
Professor Dawkina has pointed out that at Wookey Hole, as 
well as at Creswell, hyscnas, rhinoceroses, horses, and rein- 
deer were moat abundant among the lower animals; and I 
believe similar evidence is furnished by other localities. 

During the whole period, in which the various layers 
of clay, and sand, and earth, etc., were being formed in th; 
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caves, it appears that man was present as a contemporary of 
the above named animals in tbe Creswell district, in each 
bed as it was successively examined, implemeots of human 
workmanBhip were found in intimate association with the 
Mammulian bones, and it is the connection of man with the 
fauna of this period, and the evidence furnished by the 
Creswell caves regarding the early stages of human culture 
in North Weaten Europe, that has given the discoveries we 
liave been enabled to make, their great importance. Simple 
and rude implements of quartzite which WEre the only ones 
found in the lowest deposits of the caves mark the earliest 
appearance of the old Palaeolithic savage in this district, 
that he belonged to the same race which has left the some- 
what similar implements in the lowest beds of some other 
caves in this country, and also in France, as well as in the river 
gravels, there can be I think little doubt ; little by little a 
cert-ain progress in the art of implement making is observed, 
flint roughly chipped, gradually supersedes the more clumsy 
quartzite pebble, and as we rise from the lower beds of the 
caves to the overlying cave earth and breccia, this advance 
in " prinitive culture" becomes strikingly manifest, the 
carefully trimmed flake, the spear or arrow head, the delicate 
flint boring tool and other implements and weapons entirely 
supersede the quartzite hammers, and rough flakes or 
splinters of the first human inhabitants of the caves, whilst 
the bone awl, and needles, and the evidence of a certain 
amount of artistic perception manifested by the engraving 
of a horae's head on bone, enables us to correlate these later 
cave-dwellers with the hunters and fishermen of La Made- 
leine and other foreign caverns, whose wandering steps took 
them, some along the southern valley to Kent's Hole, others 
along the course of the great eastern river and its tributaries, 
as far as the forest district of Nottinghamshire and Derby- 
shire. Here whilst pursuing the horse and the reindeer, or 
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tiie iLare, man would be frequently be brought into oonfliot 
with more formidable antagonists —the savage hyasna, and 
other camivora would not be driven without some unoant of 
difficulty from their fastnesses in the oaves and glens of the 
forest, and it would be not only the hytena and the wolf 
that man would en<xmnt«r in his struggle for his early cave 
dwelling; but the bear and the lion and even the dreaded 
MachairoduB would now and again oppose hun. That thie 
latter animal was living during Pleistocene times in England 
there can I think be little doubt, although when first recog- 
nised amongst the animals found in Kent's hole, it was con- 
sidered that it might after all be an accidental ooourence 
there of a fossil of Pleiocene age, it has been placed beyond 
doubt that the commonest Pleiocene Machairodns was of 
a different species, the Mschairodus latidens, the only apeciea 
of Pleistocene age differs in several important particulars, 
especially in its dentition from the oultridens of the pre- 
ceding period, at the same time it appears to have been 
a somewhat rare visitor, besides Kent's hole, Creswell is the 
only other British locality of late Pleistocene age, where 
it has been discovered, and in France the only known 
remains have been found in a river deposit in Auvergne, 
and in the Jura, in the cave of Baume. Whether with 
his stone weapons, man always proved victorious in his 
strife, we cannot tell, but from the presence of hyieua 
remains in the caves in all the various beds, it appeaxa 
that they could only have been temporarily occupied by men, 
and that the hyienas and other wild beasts of prey, were 
their more constant inhabitants. 

We will turn our attention now to the cave which has 
been last explored — Mother Grundy's Parlour. From our 
previous inspection of this cave and the unmistakable evi- 
dence it presented of having been considerably disturbed at 
various times, we were deterred at first from undertaking 
its eiploration ; but towards the end of 1878 ProfeaKHr 



:.gr,zeSjvGOOglC 



Dawkina called my atteatioa to the fact that teeth of the 
hippopotamoa had been recently found there by Meesra. 
Duffy and Qain, and he proposed that we should without 
any further delay dig the cave out. This was done under 
the careful superintendence of Mr. Knight, of Owens 
College, and with resulta of constdersble interest, as the 
beds found in this cave seem to take as back to a yet earlier 
period in the history of Creswell than that which has been 
traced in connection with the other oaves. 

Mother (Grundy's Parlour is a small shallow chamber in a 
crag near the eastern extremity of the ravine. It is only 
some 3d feet deep by 22 feet in width ; but in its eastern 
side, near the back, a small fissure, about 4 feet wide by 
2 feet 6 inches high, was seen to be blocked up by earth 
and rock, and this cavity, when opened, proved to be a long 
narrow passage, which in our report has been called 
Chamber B. 

In the principal Chamber A, the greater part of the old 
Bur&oe soil had been dug into, and was untraceable, but on 
the western side of the chamber a certain portion of it still 
remained in situ ; it was but a few inches thick, and con- 
tained fragments of burnt bone, charcoal, and at its base a 
considerable amount of fliut flakes or chips. Below this 
superficial layer a bed of reddish sandy earth was found, of 
variable thickness, the maximum being about 3 feet 6 inches, 
oj^site to the mouth of Chamber B. It was here that the 
principal section was obtained, and also this was the locality 
of the Qwre important finds yielded by this cave. The 
sequence of the beds, as observed at this point, was as 
follows : — 

1. Surface Soil 4 inches. 

2. Bed Sand 3 feet. 

3. Bed Clay 6 inches. 

4. Ferruginous Sand : 1 foot. 

5. WhiteSand ? 



Dcillizedoy Google 



The red eanAy earth of this cave was found to contain 
remainB of the bison, reindeer, bear, wolf, fox, and hyena, 
and the evidence of the occupation of the cave bj the latter 
animal was well marked by the presence of its coprolitea in 
large quantities. A few quartzite implements occurred witli 
the bones and teeth in this bed. There seems to be little 
doubt that in correlating the deposits in Mother Qrusdy's 
Parlour with those of the other caves, we must consider thia 
sandy care earth as the equivalent of the red sand Ko. 4 in 
those caves. 

It is in the underlying beds of red clay and ferruginous 
sand that we are introduced to an earlier stage in the animal 
life of the district. The sandy deposit seemed to occupy 
a sort of depression about the mouth of chamber B. It 
was a calcareous sand, much stained with iron, and in 
places the ferric oxide had formed concretions in the sand. 
In this bed Professor Dawkins and myself were fortunate 
enough on the first day of our digging to obtain several 
teeth of the hippopotamus in fine preservation, and sub- 
sequently other teeth, including some of the large tusk-like 
incisors, and also some fragments of the skull and otlier 
bones of at least three young adults were met with, with 
them were skulls and jaws of the hytena, and some teeth 
and bones of the bison, and the teeth also of the rhinoceros 
leptorhinus (Owen). 

Turning to chamber B it presented no particularly nev 
features. It was filled nearly to the roof, in places quite to 
the roof, with deposits similar to some of those just 
described, — viz., the red sandy earth and the clay, the chief 
difference consisting in the absence of the surface aaU, (tf the 
lower ferruginous qand, and also in .the greater thickness of 
the red clay. The clay at the entrance to this chamber 
contained the remains of hysena, bison, hippopotamus, and 
rhinoceros I^torhinuB. ISo trace of man was met with in 
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the deposit of ferrugmons sand and clay, whioh doabtless 
represent the earliest period of irliioh any remains now 
exist in the Creswell Caves, a period when the hytenas were 
perhaps less numerous, judging from the nwre perfect 
condition of the bison and other remains, and a period 
when man, although possibly present in other parts of the 
country, had not as yet found bis way to Creswell. The 
pleistocene history^of this district appears now to be tolerably 
complete; we are led back to the early stage, when the 
hippopotamus, together with the leptorhine rhinoceros and 
the elepbas antiquus, the remains of which latter, bowerer, 
we have not met with at Creswell, were able to find their 
way unimpeded along the various river valleys of this 
country, even as far to the north and west as Eirkdale, 
Settle, and Baygill, in Yorkshire, when the climate was 
not 80 cold as it appears to have become at a somewhat 
later date, when the reindeer, the glutton, the woolly 
rhiiioceros, the mammoth, and thie horse made their 
appearance, together with roving tribes of the human 
family, the orderly sequence of beds in the Creswell Caves 
enables ub to trace as it were step by step the progress of 
mankind in this district, and to picture to ourselves some of 
his surroundings. 

There is only one other point that need be brought before 
you, and that is the discovery of fragments of four human 
skeletons in the red sand. Two of the skulls found — one in 
chamber A, the other in chamber B — ^belong to two different 
types, the former being Brachycephalic, the latter Dolicho- 
cephalic. It is tolerably certain that neither of these skulls 
can be considered to have been oont^nporaneous with tbe 
extinct faona. They may have belonged to the subsequent 
Neolithic age, to which, also, various bones of animals found 
scattered in the same bed may perhaps be in part assigned. 
The fox and the badger have much disturbed this deposit 
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at diflferent times; and vnea in ohamlMr B, vhera, owing to 
its complete filling np by the Tariooa beds, it seems to hare 
been impossible that man coald in any recent period hare 
found access, yet the human remains may have been 
carried there by the fox and the badger at a period poeterior 
to that when the bison or the hyiena was an inhabitant of 
the district. 

Amongst the moie recent animalB, the remains of which 
were found scattered here and there in the upper portions of 
the floor of Mother Grundy's Parlour, were the wild cat, &b 
dog, the fox, the marten, the badger, the st^, the roe, the 
homed sheep and goat, the ^Celtic shorthorn, the pig, the 
hare or rabbit. No trace was found in this care of the pre- 
senoe of the Roman ciTilisation, some relics of which were 
preaerred in the surface beds of the Robin Rood and Chnrcb 
Hole Oaves, which were doubtless made use of by the per- 
secuted refugees during the disturbed period which followed 
aponthewithdrawalof the Romanlegions, when the unwarlike 
though semi-civilised Britons were left a prey to number- 
less hordes of invaders, which they were powerless to remeit, 



Fkofessob Boyd Dawkins said I have here upon the 
table a few of the specimens which have been alluded to 
this afternoon. In the first place, I would just ask your 
attention to this very remarkable series of remmns of the 
hysena, which were found in the lowest bed, along with the 
remains of the hippopotamoB. There is also another speci- 
men which I should like to put before you. I have no doubt 
that some here are perfectly aware that certain hard word»— 
which fortunately break no bones, — have been drawing 
attention to these Creswell explorations in the Mancheetffl^ 
press ; and the hard words have more particularly attached 
to two things, which have been alluded to this afternoon. 
One is the discovery by Mr. Mello of the remarkable 
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engraved bone ; the other relates to the diaoorery of the 
MachsirodoB by myself, and in both of these ca«es it is 
insiniiated, that there was a " fraud, or hoax," or " plant," 
or something of that kind oonoocted by some one or another. 
The principal ground on which those statements were made, 
is that the Machairodus, was perfectly dry, and without 
matrix at the time when I first of all showed it to those 
persons who have used the bard words. Now, with regard 
to the Bret point, I assert that the specimen was not dry, bat 
was wet — so wet liiat unf ortmiately when I brought it home, 
it split to pieces in drying ; and if any of you oare to examine 
the specimen you will see where it has been joined. With 
regard to the second point, that relates to its perfect clean- 
ness and the absence of matrix. I assert also that the matrix 
is ill attached to it. If you examine the serrated edges, yoa 
will see the red earth sticking to it, as it was at the time of 
discovery. With regard to the a«ssertion that there was no 
red sediment in that pkce, — I think Mr. Mello has satisfac- 
torily disposed of that by the consideration, that this chocolate 
coloured deposit when wet, is very frequently red. As far 
as my own experience goes, when that material which dries 
a chocolate colour, is wet, it m red. If you compare the speci- 
men with the rest on the table, yon will at once see that 
the matrix, and the whole appearance is of the same sort as 
the appearance and matrix and conditicm generally of the 
other remains found along with it. With regard to the 
range of the Machairodus, I would add two localities to 
those which my friend has put before you. The Machairodus 
is a gemis which began to live in the Meiocene age, in 
America and in Europe. In the Pleiooene period we 
have several species ranging over France and Italy, and 
also living in this country. In the forest bed of Cromer, 
Prof. Bay Lancaster has determined one solitary specimen 
of Machairodus iaUdeta, Mr. Mello has already mentioned 
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to you lliat the animal lias been met with in Kent's Hole ; 
and it is remarkable that the three teeth discoTered there 
shonld be most extraordinarily like that we found in the 
Creawell Cave. It has been found also, as Mr. Mello 
obserrea, in two places in France ; and, lastly, the only 
specimen which I have been able to detect in any other 
collection in any part of Europe is in the masemn at 
Florence. There I saw in 1 876 a most admirable specimen of 
Machairodm laiiden* which had been obtained from the 
Pieiocene of that district. 

The animal must hare been exceedingly scarce, or ire 
would have more traces of it, and it is an extraordin- 
ary tiling that we shoold not meet with any otiier remains 
of it in this country than merely a few teeth — ^perhaps 
as many teeth as you may count upon your .fingers. 
Certainly not more than ten teeth have been diB0OT«red 
altc^^her in this country, belonging to the Pleiooene and 
Pleistocene age. It is, therefore, exceedingly interesting to 
be able to prove that tlua animal was an inhabitant of 
-the Oresewell region in the Pleistocene age. 

The sequence of evente in these oaveros, as Mr. Hello 
has pointed out, constitute their chief interest. We have 
met with these remains in yarions parts of this country and 
of France, in separate carems, but it was not until the 
deposits at Cresswell were brought into correlation one with 
another that we had definite and precise evidence of liie se- 
quence. We did not know until we had this series of remains 
in Mother Grundy's Parlour, that the hippopotamus and the 
leptorhine rhinoceros, the hytena and the like, really were in 
this part of the world before the reindeer and other creatarea 
wwe here. Of course it had been guessed at beftjre, 
but this is the first hit of direct evidence wo have in this 
country; and I have no doubt as cave-exploration goes <»i 
(and I am sure there are plenty of ■ caverns to be explored 
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in TariouB parta of this oonntiy,) that that sflqnenoe will 
be proved in other pUoes. 

Mr. Plant considered that as the alleged finding of the 
Kachairodoe tooth was still a controverted subject it was 
not fair Co introduce it at this meeting, when the otmtead- 
ing parties on the other side (eapeoially Mr. Thomas Heath, 
of Derby), had no notice of the intention and no invitation 
to be present. 

The Ohairhan (Mr. fiinney) said that when the paper 
was printed he was sore the Society (as they were almys in 
the habit of doing) would be glad to hear and to di'wwiw 
what might be said ou the other side. 

Ma. Pekninqton asked Mr. Mello whether he supposed* 
seeing the nature of the deposit in which the leptorhine 
rhinoceros and the hippopotamus were found, they might 
have been introdaoed by the hytena, or whether they were, 
in his opinion, introduced by the action of water. He under- 
stood, from Mr. MeUo's description, that they were found in 
the thick clay deposit, which might, and probably was the 
result of the gradual percolation of water. That question 
he can easily answer by stating the character of the bones — 
how far they bear marks of the dental operation of hyiBnas 

Mr. HoRSFALL said the most interesting part of the paper, 
to him, was that relating to two human skulls. The dis- 
covery of human remains in caves in this part of tiio country 
was rare. They were, however, found at Creswell, and their 
character was described by Mr. Mello. The question which 
occurred to hi-m was whether, if ^e hyssnas could drag into 
the caves such large 'in'""^1'' as the rhinoceros, and devour 
them, there was not an equal probability that they would 
also drag in human beingsP On a previous occasion he put 
this to Professor Dawkios, and the explanation as to why 
gnawed human bones were not found was that these bonea 
might have been entirely devoured by the hyEeoaa. If tha# 
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soppositum was oomot, the diaooTery at Oreewell of iLnrnm 
remaiiu was very remarkable, and added veiy materiaUy to 
the mterest of Mr. Hello's paper. 

Mr. Mbllo said that the remains alluded to were fonnd 
near the aorfaoe, and in disturbed soil. 

The Chaisuam thought ^the locality of Oresswell, with its 
small stream, a very' unlikely one for the hippopotamus to 
have lived in. Then how so huge an animal oonld have 
been draped into the oave by hyeenos was a very diffioolt 
Bubjeot. 

Mr. Pbhminotoh said the hippopotamus had been found 
in a still more unlikely locality, namely, Dove Holes, near 
Buxton. 

The CoAixuAS said the only specimen he ever heard of 
from Dove Holes was brought to the Society by Mr. JaoaoB 
Meadows, who presented it to them. He (Mr. Binney) went 
many times to the place to get the history of that tusk. It 
was said to have been found in some sort of a orevice. and 
that was oil the information he could get. 

Professor Bawkinb : With regard to the occurrence of 
human bones in caves, in this country, as far as I know 
only one solitary human tooth has been discovered in any of 
the ossiferous deposits of thePleistooeae age; but in France 
there are several oaves in which fragments of human 
bones have been met with. In no case, however, has s 
perfect hnman skeleton been mat with belonging to this 
age. I can account for it only by supposing that men were 
very scarce and hyaenas very abundant, and that they sts 
most of the men up. With reference to the hippopotamus 
remains being found in the oaves, it was the habit of tiie 
hysena to hont in packs, and there was nothing, to my 
mind, impossible in a pack of hytenaa mastering a hippo' 
potamus or any other big animal and dragging its body into 
a cove. 
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Mr. Mark Stirrup eDquired whether it was not poBsible 
for the bones in question to have been introduced into the 
cave by the action of vater. 

Mr. Pennington said he would like to ask Mr. Mello 
whether the fissure, shown in his section, was not very much 
lower, horizontally, than the mouth of the cave. The 
question put by Mr, Stirrup bore somewhat on this, for it 
appeared to him if the bones were carried into their resting 
place by water at all it was by water which flowed down 
the valley, past the mouth of the cave. It struck him that 
that was the more likely way of their getting into the cave 
than through any fissure from above 

Mr, Mello : I think Mr, Pennington is right thera 
The fissure is lower — if it is to be called a fissure — lower as 
to its roof than the roof of the main cave ; and as far as I 
could see there is no trace of the fissure extending upwards. 
It seems to be a solid flattish roof. The long chamber 
ended abruptly, and bore no trace of being continued to the 
surface. I think there can be no doubt, from the presence 
of the hippopotamus in this and other districts in the 
interior of England, that the rivers, at that period, were 
far greater in volume than they are at the present day. 
The hippopotamus could never get up the little stream 
which now flows through the ravine ; It would then be a 
river of considerable size, and subject to periodical or 
occasional floods ; and those floods might wash the remains 
of animals — the hippopotamus and some of the others — into 
the cave, whilst at the same time it is not at all improbable 
that remains of the same and other animals might be 
dragged there by the hyEenas, as well as carried there by the 
floods. Professor Dawkins, I think, has answered the chief 
points with regard to the human remains found in the 
caverns, and he has himself suggested another reason why 
the bones should be very few and far between — that is 
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owing to the probable habitit of those earlj men. If they 
were a race in any way connected with the Esquimaux of 
the present day, a« seems not improbable, then their habits 
would be similar to those of the Esquimaux : they would 
never burj' their dead, but leave them exposed, to be carried 
away or torn fo pieces by wild beasts. My paper is simply 
intended to bring forward the later discoveries at Creswell 
and thereby complete the previous paper read before the 
Society in 1876. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETY. 

Past XIV. Vol. XT. Snaion 1879-80. 

At the Ordibabt Mbbtinq of tho Members of the Society, 
held on Tuesday, the 24th day of Febmaiy, in the Literary 
and Philosophical Society's Rooms, George Street, Kan- 
chester ; 

E. W. BiirasY, Esq., F.R.S., Vice-President, 
in the Chair. 

Mr. Sichard Barton, jun., Westleigh Lodge, Leigh, near 
Manchester ; Mr. John Thomas Boot, Mining Engineer, 
Westfield House, Sutton, near Mansfield ; Mr. Theodore 
Drayton Qximke, jun.. Chiton and Kearsley Collieries, near 
Manchester; Mr. John Speakman, Colliery Proprietor, The 
Walmsleys, Leigh, near Menchester, were elected ordinary 
member^ 

ON CONCRETIONARY NODULES OF LIMESTONE, 

AND FOLLA.TED MOULDINGS, IN THE 

PERMIAN MARLS, NEAR LEIGH. 

Bt J. Bsswicat Pbrrin, F.L.S., &c., and John Plamt, P.G.S. 



The foliated mouldings which have been found by Mr. 
Parrin, in the Permian Marls, as far as my knowledge and 
researcbes extend have not hitherto been described. The 
only published notice I can find, which might probably have 
related to them, or to the concretionary nodules of lime- 
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ataie, is in a desoription of a C^eolog^oal Exortrsion to Ledgh, 
Bedford, and Peel, on the 5th May, 1859, by E. W Biimey, 
F.II.S., it appeared in the columns of t^e Mancheater Courier, 
for during that year the printing of the transactiona of the 
Manohestor Q«ological Society in the regular form was 
discontinued. 

The concretionary nodules may be described as presenting 
upon a corsory examination, an external cruat of indurated 
red marl, enolosiug a nucleus of a dull pale grey or light red 
oaloareooa cement traversed by oracka, after the manser of 
S^tarife filled with crystalline spar (carbonate of lime), and 
qparingly disoloaing a black carbonate of iron in a atring of 
minute globular grains. Upon qnalitatiTe analysis the 
internal cement shows abundance of the carbonates and 
phosphatee of lime, an alumina oxide, phosphoric acid, 
irith carbonate and peroxide of iron. Part of these sn 
characters which can be said to be common to concretionB, 
ironstone balls, nodules, and septariffi, found in the Carbon- 
iferous, Petmian and many Mesozoic rocks, and which have 
received attention, and been well described by competent 
authorities. 

The aggregation of calcareous, siliceous, or aluminous 
matter into lumps or nodules, and the radiating or concre- 
tionary balls — spheroidal concretions of Sedgwick, — assumed 
by magnesian limestone subsequent to deposition are fully 
explained features, well-known to most geologists. 

These nodules from Leigh have been obtained in grest 
ttombers by Mr. Perrin, from the upper part of the 66 fert 
of Permian Marl, whilst the foliated mooldings occur in tlie 
lower .part of the same stratum. 

The nodules are found lying in two or three layers in the 
marl, but not in very regular order ; they vary from one 
inch to one foot in diameter, and proportionately in thick- 
vfiBa and weight, the large ones being 10 to 27 pounds in 
weight. 
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Ctenerally they are of a ommlar diacoidal form, but nirj 
to an oToid ; they rise from the edge to the oeotre by a 
Bucessioii of well defined ooncentrio layers, almost as regular 
as lathe turmngs, bo that each surface has the aspect of a 
debased dome. In some of the large specimens the surfaces 
between each layer are marked all round with regular 
depressions, like thumb marks impressed upon the edges of 
an unbaked crust of a pie. These depressions at times cover 
the surface with a reticulated ornamental moulding, and are 
very characteristic ; others are smooth and show but few 
of, and very faintly, the concentric layers ; they are light 
brownish red, mottled with the grey of the cement. 

A section of a large one shows how simple is their struc- 
ture, and leads easily to a deteotioa of their origin. The 
nucleus ia a lenticular mass of amorphous calcareous cement 
harder than the crust ; it is ramified with cracks which are 
lined with fine crystals of lime, these first-formed nodules may 
have hardened by exposure to the sun and air, afterwards, or 
even simultaneously, being rolled in several layers of 
calcareous pasty red marl, and in time deposited within the 
stratum of the red morL It is quito probable that subse- 
quently by the action of heat and loss of water, the pasty 
crust in drying, contracted, and so covered the surface with 
the cormgations bo like to thumb marks, a result so often 
seen in the cooling or baking of cements, in lime casts, and 
clay pottery works. 

The deposition of isolated nodules in separate layers is a 
common feature in calcareous strata, and those found at 
Leigh do not present any departure from this physical law. 

Some of the Permian species of shells are found both in 
the nucleus and in the outer coating of these nodules, but 
only imperfectly preserved. The smallest nodules are mostly 
smooth nudea of cement not having acquired the pasty 
coating of marl. 
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Suiulu'ly shaped nodnlea, bat without the ooating of 
marl, ooonr in the undstoDe and shales of the ooal messoret, 
They are oomposed of fine grains of silioa, etiongly impreg> 
nated vith iron pyrites. 

The foliated mouldinge may be described as flattened, 
disooidal, lenticular, or double convex bodies of indurated 
brownish red marl having an irregular but smooth or 
polished surface like the well-known polish of slickensidea 
on shales and marls, the bodies vary in size and in thicknen. 
Their diameters are from one inch to ten inohee, and they 
are from one-eighth of an inch to one inob in thickness. 
The surface is very uneven from the conchoidal mouldingB. 
tn many specimens there is a deeply depressed centra (not 
always on both surfaces) from which radiate four or five 
abnipt-ending petal-shaped mouldings, which rise for about 
two-thirds of their diameter, then bevel off to their outer 
edge rather abruptly. The edge is consequently ehaiply 
compressed and thin, although not regular nor continuons 
all round. In a few specimens the centre is filled up with 
a disc of marl, giving some of these bodies an aspect that 
readily suggests a fossil " marygold fiower ; " others bear 
a resemblance to the flattened seeds of a large leguminom 
plant of foreign growth. 

After a moat careful examination of their material and 
internal matrix, there is not to be det«ct«d the slightest 
trace of organic stmctare. They are composed simply of 
the red marly mineral material in which they lie embedded, 
in fact 90 completely are they inorganic in stmotnre like the 
mart, that they contain similiarly the remuns and oasts of 
Bbells common to the Permian marls, such as Schizodo^ 
Bakevellia, and others. 

When a lump of the red marl is broken up and farther 
desiccated (in water the amount dissolved is small,) the 
fragments uniformly present a semi-conohoidal fracture, sad 
have a tendency to break into orode-ronnded oodnles ; the 
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diflcoidol foliated bodies exUbit a BJinilar raaalt when tnated 



in a aiTni i ft r mannear. 

The disooidal bodies toe found sparingly embedded and 
interspersed in the tbiok stratum of marl, suggestiiig tlie 
idea that they may have been embedded when the marl was 
being depoaited, but I think that would be an erroneous 
explanation of their origin. They possess no evidenoea that 
I can detect of having been prijoarily oonoretions ndled into 
their discoidal forms and hardened by exposure to air and 
heat, and then embedded within the marl ; they rather, on 
the other hand, by an examination of their oharaoteristios, 
lead to the oonclusion that they have, to speak unscientifically, 
grown into form and developed their lenticular foliations 
after the marl was deposited, and considering the inher^it 
tendency of the whole deposit of the marl to nodular and 
discoidal crystallization in its stntoture, I see no difficulty 
in regarding these convex lenticular bodies to be the result 
of a peculiar and abnormal crystallization of small portions 
of the marl within the great bulk of the matrix. 

These beds of Permian Marls were originally d^Kiaited in 
the form of fine mud deeply coloured with hsematito iron in 
solution in the waters. They have become indurated and 
acted upon by enormous pressure and its accompanying heat. 
They have been subjected to upheavals and internal 
action of various kinds, and probably by the loss of moisture 
and the agency of pressure and heat have undergone changes 
which have brought about their present structure and 
arrangement, giving rise to the lenticular foliated bodies, 
and to the crude conchoidal crystallization prevailing tiirongh 
the whole of the stratum of marl. 

They appear not to be entirely peculiar to the Permian 
marl, as I possess one black specimen identical in all respects 
except colour, taken out of the shales of the upper coal 
measures at Ardwick. 
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Ur. Pbrbin said tliat the interest in these nodnlea and 
mouldings did not belong exolosirely to this district, but 
had been talked about for a connderable length of time in 
otltOT distriots aa well as in Lancashire. Duplicates of some 
of the specimens lying on the table had been sent to differrat 
geologists in London and elsewhere, but not one of them 
had been able to give a satisfactory opinion as to what they 
really were. The nodules were found congregated in consi- 
derable numbers in the Permian strata at Westleigh. He 
was not aware that such deposits had been found in large 
numbers in any other part of the country. As to the posi- 
tion of these nodules. A few isolated ones, which had 
evidently been denuded in glacial times, were found in the 
boulder clay, with specimens of granite and beautiful quartx 
specimens, but only for a short distance. Below these drifts 
they got the pure red marl, in which at a depth of five or 
six yards they came to these nodules. Beneath in this marl 
bed they found peculiarly foliated mouldings. 

Mr. Plant added that Mr. Perrin had brought another 
specimen, which showed the peculiar semi- crystallization <^ 
what was known as " coae-in-cone," and he had brou^t 
a specimen to show that by pressure the structure of cone-in- 
cone, could be produced. Other specimens of the concretions 
had been found at Patricroft, and in other localities of the 
Permian marl dep(»it. 

Mr. ArrsEH said that, the essayist had, notwithstanding 
his laborious researches, been unable to suggest a way in 
which the nodules had been formed. He thought they would 
all be in the same predicament that afternoon. He himself 
had regarded these nodular concretions as septaria, and he 
tiiought there were some evidences that bore out f^t idea. 
The foliated mouldings were very peculiar. He possessed 
one about three-quarters of an inch in diameter which had 
been in the possession of Mr. Garruthers, of the Britiih 
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Museam, whose idea was tliat it liad originated thronglk an, 
ttccumulatdon of gas near the anrfaoe, the aooumuUted gaa- 
fonmng a hleb, and thus caosed the marks on the surface of 
the stone. Whether that was a sufficient explanation he 
could not say. Mr. Oarruther's paper on the subject, ol 
which he preserved a oopy, is still in existence. 

Mr. Pbbbik said that the specimens presented the same 
features, and it was a oharacteristio of them that their fea- 
tures became plainer as the specimen got larger. 

Mr. Plaht said that he was very much surprised to detect 
not the slightest trace of magnesia in them. These so-called 
magnesian rocks on analyaia reveal no traces of magnesia. 

The Chairua^ (Mr. Binney) said the origin of nodules ia 
a matter that has never been satisfaotorily accounted for, 
and concemiug which there are a great variety of opinions. 

Mr. M. Stirkuf asked Mr. Perrin whether the specimens 
slways appeared in the same position in the deposit. 

Mr. Persin said that as far as his observations went they 
generally lay end upwards. 

Mr. Stibbup: I suppose they may have been subjected to 
pressure P 

Mr. pKBRiir said that the specimens had, he thought, been 
subjected to pressure. The markings in the large speoi- 
mens, with the exception of one, were exactly dike, and 
that was the most marvellous thing about them, the excep- 
tional specimen was found close to the surface of the yellow 
clay. 

The Prbsidbnt: There is very little doubt that these 
nodules have been produced in a similar way to that in which 
nodules have been produced in the coal strata, the carbonate 
of lime, the lias and other deposits. They have all evidently 
had the same origin. 

Mr. AiTKEM said he should like to know whether Mr. 
Perrin had detected any organic matter in the nodules. 
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They Icnew Qui in coal deposits, fiahes, dtells, and Uta 
of wood formed the nuoleua, and also of the lias on the 
Torkdiire coast and in other places. 

Mr. Pbuuh said that a number of specimens had been 
l»okeD ap, and no traces of organic matter had been found 
in them. 

Mr. Plant said tiiat if there had been any organic 
nocleos in the specimens he could not have failed to detect 
it. 

Non. — Binoe the reading of tlie paper, my attention hu been 
directed by Ur. 7. Aitken to a paper by W. Caimthera, 7.B.S., in 
the Jonmal of the Geological Society ol London, Tol. XA.V11., 
p. 443,1871, " On Some Supposed Vegetable FossilB, with illostn- 
tionB," in which are inolnded drawings of three small bodies, 
identical with the smallest of these " foliated monldings from the 
Permian UbtIb at Leigh. Mr. Camithera' specimene came from 
Cape Breton, Xorth America, Ayrshire, and Sonth Wales. Mr. 
Carruthers adopted the opinion expressed by Dr. Fleming, " that 
"they had been produced in cavities in a comparatively soft 
" plastic matter by the pressure of water or gaa contained in the 
" cavitieB, and that the specular aspect was the casting or impies- 
" sion of the fluid substance, henoe fae colled them 'JlaideaiU.' " 

This paper snd its suggestionB are very interesting, bat I do not 
agree with the " floidoasts " ezplanatdon, as it does not certainly 
apply to the large foliated mouldings found at Leigh. 

I. Flutt. 



ON THE LONG WALL SYSTEM OF 

WORKING COAL. 

Bt W. J. OsniBHAw, F.G.S., and HsuBEiit Phiixifi- 



Pabt I. 

The object of this paper is not that of drawing comparisons 

between different systems of working mines, but rather that 

of throwing into greater prominence the advantages for 
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wliicli the Long Wsll System is peonliftr. Aa is well known 
the Biune subject htm been treated many times, and in some 
oases a spirit of partiality seems to have arisen. Soma 
people hold the opinion that anoh is the perfection of the 
system that its adoption onirersally would be of great and 
permanent benefit to the mining oommunity, whUe oHien 
ue jost aa rathosiastio as regards the "pillar and stall" 
system. £ztreme ideas, however, are generally fallaoious 
and tend to injure any oause. Simple statements of what 
has been done and what is now doing, afford the best means 
for forming a judgment: if a man pins his faith on any 
one system as being pre-eminent he feels bound (almost in 
h<HionT) to uphold its claims in all places and at all seasons, 
and by thus doing becomes incapable of forming an 
onbiassed opinion. Somewhat new ground is broken in the 
preeent paper by the introdootion of examples of )<mg wall 
worHag from actual experience. These examples are not 
Uieoretioal — they are from actual survey, and the plans and 
diagrams will, we hope, enable you to realize the position 
o&d influences affecting the development of each mine 
treated, as nearly as possible. 

Every manager opening out a now seam aims to adopt 
such a system of working as will, in his judgment, most 
effectually minimise the natural disadvantages of the seam, 
and the risks of working it. Many, no doubt, are well 
Rwore, that a (ocmiparatively speaking) bad seam well opened 
out and well worked, is less expensive than a good seam 
badly worked, and that a bad system or method well applied 
is preferable to a good system badly applied. 

In the primitive opening out of our Coal Fields, there 
would be all but complete ignorance of the phenomena inci- 
dental to coal working, consequently the mode of ezoaTating 
would be more experimental than decided. As experience 
could not guide the management, the working policy would 
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no c e a ro rily be a tentatiTe one, and tlie method oltmutdy 
adopted, would no doabt be materially a£Eected by aooideut 
ani the temperament of the manager. 

Those oirounutanoea whioh nov ohiefly determine the 
mode of workings would then be on the outside of the calon- 
lation. Chadient, quality of roof, amount of refuse dirt 
aooompanying the working <rf ooal, tbioknoaa of eesa, 
oqnoity of seam for generating gas : these and other facton 
would have no weight in the method ultimately adopted. 
JSTot the least inBuential factor would be the temperament 
of the person on whom rested the responsibility of opening 
out the mine. It may be safely said that all systems are 
more or less marked with the individuality of the promoter 
or originator, just as all political policies are characteristic 
of the cabinets framing them. 

Every system has some central point from which radiate 
all the modifications and adaptations of that system. Sim- 
plicity itself, the original system may be — embodying 
perhaps one or two fundamental ideas, but as time goes on, 
different ^perienoes are brought to bear, until the out- 
come is a system well-nigh perfect in method and intelligi- 
bility, although it may fall far short of the best possible 
eyBtftaa applicable to the requirements and ezigenoies of the 
sitostion. 

It is too frequently the praotioe to find fanlt with the 
originators of the various systems of working ooaL Those 
in one district criticise and censure the practice followed is 
another. But criticism and censure are the results of 
accident and education, and we are so conservative and 
infiezible, that oftentimes we prefer the ilia we have, rather 
than "fly to those which we know not of." 

It is only when some startling event is made known, thst 
the general practical mind is awakened, and interest excited 
to learn something of details. Since the publication of the 
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Impeotora' K^xn-ts last year, macli attaation has heesa 
drawn to the Long Wall System, by an important declaration 
of opinion by Mr. Evans, the QoTemment In^tector for the 
Midland district. In Blue Book, 1679, page 107, he says : 

" It is Torth recording the fact that over 20 million tons 
of coal have be^i raised since the last fatal explosion, 
and, daring the last 2 years 26,700,000 tons of coal were 
produced for one life lost by explosion of gas." 

" The qnestiou may be asked : how are these resnlts ob- 
tained ? In my opinion, it is in a great measure due to the 
system employed. For the most part the ' long wall ' is 
the recognised plan. Care is taken to fill with <Ubria aU 
places from which the coal has been extracted, so as to make 
it impossible at any time to have a large accumulation of 
gas. The ventilation is constantly kept up to the face of 
the workings, carrying with it any noxious gas emitted from 
the waste. The supply of air must be abundantly sufficient for 
almoet any extraordinary ooourranoe whidi might probably 
arise." 

Page 106. — "The seams of coal vary in thickness from 
2ft. to 14ft., some of them giving off large quantities 
of gas." 

It is not an easy matter to give a definition of the long 
wall system, as its modifications are so numerous. However, 
any system of working the coal in faces of great«r or less 
leugths, and bringing the produce therefrom on roads, packed 
through the goaf, may be for our purpose termed longwall 
working. The packing of these roads, and the goaf gonei^ 
ally, is an extremely important matter, and on it in great 
measure depends the success or failure of the system. 

Packing, 

The object of packing is the substitution of the best 

possible resistance to the roof in lieu of the coal taken out. 
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OnitspropOT or improper perfurmanoetl^endBthedyiuimA 
Rotioa of the anper-meamrea. Aooording to the manna in 
which this work ia done^ to is the aotioQ of the roof violeiit 
or gradual 

The number and size of Hbe -paekB in a certain length of 
faoea must depend on the ^ua]itit7 of waste material made 
in getting the coaL If, as is sometimea the case, the spare 
material is abundant, the difficult is to stow it all in the 
goaf, and scone skill and great attention are required to 
accomplish this ; but in spite of skill and attention, theie 
will still be at times surplus left, whioh must be sent to bank. 
Where this condition is the oasOt packing is not so muoh 
conaidA^ as a resisting medium to prevent an impetuous 
action of the roof, as a means by whioh as much materisl 
as possible can be stowed in the goaf. 

Where the other condition is present — »>., a total ahsenee 
of packing material — the fact will have an important 
influence on the length of the stalls, and, consequently, the 
haulage arrangements. If the system be long wall, the goaf 
must be packed ; and if waste material is not made by &e 
ordinary working of the coal, certain modifioatitma will ha?e 
to be adopted to secure the requisite material. Let an eztieme 
example be taken, in which every particle of matter between 
the loof and floor is sent out. The result, in a short time, 
will be an open goaf of dangerous extent. There is, how- 
ever, one way in whioh this extreme condition may be me^ 
that is, by the adoption of ehort stalls and thick rippinge. 
Sufficient ripping must be taken in the gateways to perodt 
of a long pack being plaoed on each side the gate-road, and 
to allow of several small ones in the intermediate space 
between the gates. Some, and not unimportant, aasistanoe 
may be derived from a judicious use of wood chocks. A&ee 
the first rupture of the roof, the work of finding paokmg 
stuff may be less difficult, as the goafs may provide it in any 
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quantity. Very littile, howvTer, oonld be ezpeotad in thia 
partionlar if the roof vas rook. Its ooonirenoe would depend 
on the friability of the meoaores overlying the ooal. If a 
" happy medium " be the condition, there is a soffioiency 
of material for packing withoot being too abundant, and 
the length of the stalls viU then only require to be adjusted 
to the getting fatnlity of the seam. 

In one of the thin seams of the Midland counties, where 
there is enough and little more of pock dirt, the length 
of the stalls is as much as a hundred yards, and the 
capability 30 to 35 tons per day per stall. 

It is more than likely that the want of packing material 
has had muoh influence in hindering the adoption of a long 
work system of getting coal; bnt it is generally concluded 
in the Midland district that there are no natural conditions 
utterly opposed to the working of coal on the long wall 
principle. N^atural conditions vary greatly, even locally, 
but the special adaptation of long wall which will be likely 
to suit the existing conditions is soon selected by the 
experi^iced. 

Possibly in districts apart from the Midland ooontiesi 
natural conditions ooour such as have never been encountered 
by the long wall system. One of these is perhaps the greater 
thickness of seam. But it is probable that even this would 
be no det^rent to the long wall in the latter district. 

All conditions of roof have been worked by long wall ; all 
qualities of hardness of coat ; all kinds of floor ; all degrees 
of gas-generative power have been encoontered ; all 
common conditions, such as gradient, depths, clear and 
dislocated fields ; all thicknesses of seam, from 13 in. to 
14 feet. ( Vide Mr. Evans's Report, 1879.) 

It is in the peculiar combination of natural conditions 
that the test of a system lies. 

It is only the rare intrinsioal qualities of some seams that 
render them at all workable to a prc^t ; while second and 
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tbiTd-olasa qnality Beajna require manynAtarsladTBatageato 
enable them to be wcnrked bo as to attain the same end. 

Flan I. illustrates the first approaches towards the true long 
wall system. In some collieries this mode is still followed, 
but more from neoesBity than choice. Its occorrenee nearly 
always arises from the groat harry to get out some coal and 
to avoid the expense of headings. In the plan annexed thii 
mode is shown. 

The cleatage of the coal is at right angles to &e gato- 
roada, and the Use of roof breakage crosses the comerH of 
the stalls. In the stalls it is required that the coal 
shall be worked parallel with the cleats or alines. Kow as 
the mode of developing is by means of a leading stall, so aocai 
as the length of a stall is excavated, it is started and woib 
away to a distance of one or two-score yards, during which 
the leading stall is bearing the length of another face or cleat 
stall. The second is started but is of course some distance 
behind the first one, and bo the two stalls will frequently 
work for years if the total length of faces be a limited one, 
BO Bs not to penoit of the first stalls standing until caught 
by the rear ones. Several disadvantages are inseparable 
from this system, lat. The waste of coal by cutting in the 
fast ends, and the crush at the loose ends. 2nd. The greater 
breakage of timber by the irregular Bubsidence and breakage 
of roof. 3rd. Extra difficulty in separating the coal from 
the roof, for reason mentioned in No. 3. 4tb. The liabihty 
of gas accumulating in the fast ends when the faces arise in 
the direction of the arrow. 

Usually this mode of opening out a mine is avoided and 
various plana are adopted to obtain and retain uniformity of 
facing. A common custom is to head out eight or ten stalls 
on the level sides of the pit before commencing to work them. 
A more elaborate system is shewn in sketoh. 

This metihod is available with any kind of gradient, but is 
most rapid where the dip is ao easy one, as it oao then Is 
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applied in my direotioii. In this mode b little attention 
will gather the &ct that the Blant opening gate erosaea the 
cleatage at anoh an angle that while opening oat new 
ground it is alw advancing with the otlier stalls. Its great 
diaadvanti^ is that it does not open ont a length of face 
corresponding with the advance of the slant gate. Where 
the system can be applied in several directions at the 
same time, the development is quick and the result is an 
arrangement of workings and airways which materially 
cooduoes to simplicity and power in the ventilation, and to 
large production from a small area of mine. The plan 
gives another method adapted to hard coal seams and steeper 
gradients. 

This metliod of opening out faces after heading out a 
district of stalls is gaining much favour. By carrying 
two leading stalls the gateway of the lower stalls provides a 
return air coarse and has also the advantage of allowing; the 
strata to sink more intact than would be the result with but 
one leading stall. 

Plan A represents the mode of working a seam the 
section of which is about 3ft. Sin. thickness of coal, the roof 
for 13ft. above the coal being Blue Bind, and the floor 6 in. 
to 12 in. of bats, and 3 in. to 4 in. of fireclay overlying a 
rocl^ shale. The dip is very moderate — rarely exceeding 
I in 10 or 13, The cross gates are driven every 300 yards 
and the stalls are 30 yards in length. There is plenty of 
packing material ; goaf is pretty closely stowed, and the 
swelling of the floor soon renders it impervious to air. 
Flan B shows the workings in a seam of the following 
>n. 

Boof— Light Blue Bind 18ft to 24ft. 

"Jays" or Bastard Oannel ... Sin. tolSin. 

Boft Coal or Sand lOin. tolSin. 

SteamCoal 2ft. 

Clnnch 4ft. 
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The " Ja^t" •!« wed for yeksBg, aad tiuty are filled in 

witli fire-olay. The italk are about 400 links in length. 

Plan C shoTS an adaptation of long wall to a stiff gradient 
and thin seama, two Beams being worked. The lower seam 
is of 3 feet aeotion, 3 or 4 in. of which is an inferior oannel, 
BO valueless that it is used for making packs. The rest of 
the seam is made up of 10 in. of veiy soft coal, and 1 foot 
9 in. of steam coal. Underneath runs an irregular stratum 
of fireclay, 3 to 6 in. thick. The gradient varies from 1 in 
4 to 1 in 8. The upper seam is S feet 10 in. thick, and is a 
strong soft house ooaL Underneath is 12 to 30 in. of fire- 
clay and bats, which is turned over into the goaf and packed. 

The gateways are carried end on. The coal also is gotten 
end, and will sometimes part from the roof and wall in 
blocks many tons in weight. The lower seam, when folly 
developed as projected by the dotted lines, will also work 
similarly. With the face it already has — about 100 yards — 
it is making fine blocky ooaL 

The greatest difficulty in connection with the working of 
the mine is the pitoh of the measures, which greatly hinders 
the loading and tramming of the coals from the banks to 
the gateways. In the gateways three to four feet of ripping 
is taken, so that the horses draw the ooals from the &ce8. 

The stalls in the upper seam average about 40 yards, and 
are capable of producing 10 to 20 tons per day. 

In the lower seam 85 yards will be the length, with a 
capability of 14 to 18 tons. These stalls are marked F <m 
the plan. 

The stalls marked A on the same plan are 66 yards long, 
and are worked face on. Their capacity is 18 to 35 tons 
per day of nine hours. In this seam, when opened to the 
ext«it of the projected lines, there will be abont 450 yards 
of faces, with a productive power of 250 to 300 tons. 

In the other seam, 720 yards are capable of giving 300 
to 350 tone daily. 
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The Beam is not a very fiery one, but gas quickly generates 
in places inaocessible to sir currentB. At tlie place uLarked 
H, vhicli is the highest in that air district, gas will accumu- 
late in a few minutee if the doors p p be left open, and the 
greatest care is needed to prevent acciunulationE. It is 
anticipated that when the headinga reach the point o, under 
the Old Top Level, where is a staple shaft, no difficulty will 
be experienced in sweeping the gas out of the mine. 

In the upper seam the currents are ascensional, and 
although the seam is a gaseous one, none is ever discovered. 
Fast ends, which on the rise side form a barrier to the 
ascension of gas are avoided, and the gas therefore rises to 
the up-OBst by reason of its lighter specific gravity. 

The roof is irregular, being rock over the upper part of the 
mine, and light-blue sfaale in the lower. After leaving the 
rib at such a distance behind as allows of the subsidence of the 
entire strata, no more trouble is experienced in dealing with 
the rock than with the sfaale roof. The goaf becomes solid 
in both seams at a distance of 40 to 50 yards behind the 
co^ faces, the depth from the surface varying from 220 to 
120 yards. 

The system of traffic roads is by cross gates and main 
gates, the cross gateways being run over at 150 to 170 yards 
distance from each other. 



Mr. WooDWAHD said that hie experience had shown him 
that eyen in a mine eight or nine feet thick, to put up a 
packed wall was a matter of very considerable difficulty and 
expense, which must be materially increased in one of 13 to 
14 feet, as referred to in the paper. It was difficult to find 
packing in those thick mines which had friable roofs. 
Sufficient material to nudie a pack eight or nine feet high, 
which would not be pressed down by the ordinary sub- 
aidence of the roof, was hard to get either from the roof or 
floor. 
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The CsAiitHAN said the subject was an important one, and 
doubtless gentlemen would like to see the paper in print 
before entering upon a full discnsaion of it. As far as his 
observation went, with regard to ooal getting, each district 
had its peculiar difficulties to contend with, and what was 
very good in one might not be so satisfactory in another. 
In the neighbourhood of Chesterfield, many years ago, he 
saw the long wall system carried to great perfection. It was 
practiced by men who had been all their lives engaged on it, 
and who worked with remarkable skill. The subject was 
one of great importance, and when the paper was printed a 
very useful disoussioD might arise from it. 

Mr. Gbihbhaw said that the plans shown had reference 
to the Midland district only, and most of them were taken 
from thin mines. He could not say that he had had 
any experience of 12 feet or 14 feet of coal worked in one 
Lift by long wall ; but he found in Mr. Evan's report mention 
made of seams of that thickness worked suooeeefnlly by long 
waU.. 



The further diecifeeion vxu potiponed until the paper u 
camplettd and in the hands of the members. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETV. 



PinrXT. Vol. XV. SEseioN 1879-80. 

At the Ordinart Meeting of the Members of the Society, 
held on Tuesday, the 23rd day of March, in the Literary 
and Philosophical Society's Booms, Q^eorge Street, Mitn- 
cheeter; 

E. W. BiNNEY, Esq., F.R.8., Vice-Preeident, 
in the Chair. 

Mr. Joseph Smith Fairley, Land and Mineral Surveyor, 
HiukisBon Street, Liverpool; Mr. James Hayes, Colliery 
Manager, Westleigh, Leigh, Lancashire ; and Mr. Thomas 
Parr, Westleigh, Leigh, Lancashire, were elected ordinary 
members. 



Prof. G. Forbes, of Anderson's College, Glasgow, 
exhibited his " Damposcope," or "Fire-damp Indicator," 
and explained its action. In doing so, he said the 
purp(»e of this instrument was to det«ct the quantity 
of fire-damp present in the atmosphere of mines. They 
most welcome anything that was likely to prevent those 
disastrous colliery explosions which occurred from time 
to time, and he thought it would he found that the "Dampo- 
scope" would be of very great service indeed. He was first 
led to think of the question in the year 1877, jnst after the 
explosion at Blantyre No. 3 pit, when a friend of his, Mr. 
James Young, of Eelly, described to him an instrument he 
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had devised to detect fire-damp; but that inBtrument seemed 
to him (Prof. Forbes) to be complicated, and one, he thought, 
in)uld be preferable, which could be carried easily throngli 
the workings, and applied without delay. A new principle 
suggested itself to him, which, on testing, he found to lie 
yery delioate. The principle was this: that the sound pro- 
duced by the vibrations of an ordinary tuning fork, whicli 
might be almost inaudible if simply diffused through the air, 
would become distinctly audible if the fork was placed in 
dose proximity to a confined column of air or fire-damp, or 
a mixture of the two ; that the maximum extent of Bound 
would be given out, if the column consisted of pure air, 
when the column was of a certain fixed invariable length ; 
but that if the air was mixed with fire-damp, the mazimam 
extent of sound would be given out when the column was of 
greater and greater length, according to the proportionate 
amount of fire-damp mixed with the air. 

Prof. FoEBES then described the mechanism of the inBtru- 
ment, a sketch of which is appended. It would be seen that 
it consisted of a tuning fork and striker, a tube to contain 
the column of air and fire-deimp, a piston to regulate the 
length of column, a dial, the finger of which is connected 
by a rack with the piston, and graduated to shew the exact 
percentage of fire-damp in the column, this depending 
exactly on the length of the column, and a tiiermometer to 
correct the reading for temperature but graduated to show 
percentages of fire-damp to be deducted from the reading on 
the dial. 

The instrument is u^ed as follows: — The piston, which 
fits quite tight in the tube, is pushed quite to the top by 
means of the handle at the end, thus completely emptying 
the tube, and is then drawn back again, admitting the air or 
mixture of air and fire-damp to be tested ; the tuning fork i> 
then struck, and the piston is moved up and down in the 



Dcillizedoy Google 



tube until the poiot, at which the mftximum sound is heard 
from the tuning fork, is reached ; then the percestage of fire- 
damp is read off from the dial, and the deduction for tem- 
perature is made, the result being the exact percentage of 
fire-damp in the mixture tested. If the mixture tested is 
pure air the reading of the dial, lees the deduction for 
temperature, will be zero. The instrument might be used 
in mines to test air with which a large proportion of fire- 
damp was mixed, and where it might not be safe to take a 
lamp, as the dial face could be coated with luminous paint, or 
made phosphorescent, and would emit sufficient light to 
enable the operator both to see his way and also to take the 
I'eadings. Anyone testing for the presence of gas for the 
first time by this instrument would probably not be able to 
hit off the exact percentage within 1^ or 2 per cent, of the 
gas present. Three or four trials, however, would yield 
better results, and a day or two's practice would enable a 
person, Lf there was a half per cent, of fire-damp present, to 
detect it. When it required six per cent, to become explo- 
sive, and when it was considered that a Davy lamp would 
not indicate less than four or five per cent., and then, of 
course, without indicating the proportions, gentlemen would 
see that they had in the " Damposcope" a far more accurate 
and delicate instrument, which would detect quantities of 
gas of whose presence they would otherwise be quite 
ignorant. Analytical tests were made which left no doubt 
whatever of the accuracy of the indications. He had found 
the "Damposcope" a most convenient and portable instru- 
ment in the mine, never suffering damage, and never seeming 
to be in the way in the least. For practical u«e therefore 
it was in every way desirable. 

Mr. DiCKixsoN said the Society was indebted to Professor 
Forbes for having come so far to exhibit and describe his 
instrument. That large gathering of mining gentlemen 
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must coavinoe him, and anyone who had any doabt abont it, 
that if there was an inTention which would conduce to the 
safe working of mines, mine owners would not be alow to 
avail themselves of it. It might be said that there had been 
preyiouB workers in the same field. They had had Mr. 
AiueU's instrument beforo than for many years, but it had 
never been brought into use. That instrumeut had several 
drawbacks. In the first place, so far as his experience of it 
went, it was not reliable. He remembered well going along 
with several of his colleagues to see it tested, when after 
waiting about an hour the instruments failed to act An 
instrument which was not reliable of course no mining man 
would think of trusting in a mine, when the result might 
be a disaatrouB explosion. Dr. Angus Smith he found was 
also working in the same field. He informed him that he 
had devised an instrument for detecting the proportion oi 
gas in the air, and he was very sorry that Dr. Angns Smith, 
could not be present to give them some account of ii He 
(Dr. Smith) described his instrument as being new and also 
useful, and those of them who knew Dr. Smith would 
certainly not suspect him of exaggerating the importance of 
his own discovery. Mr. Ansell's instrument, besides being 
unreliable, had another great drawback : it could not be 
used twice over without receiving a dose of fresh air. 
That alone, in his (Mr. Dickinson's) judgment, was sufficient 
to condemn it. It was a scientific toy, and nothing more. 
If Prof. Forbes's instrument would do what he stated, and 
enable them to measure the proportion of gas in a mine up 
to one and a-half per cent. 

Prof. Forbes : One half per cent. 

Mr. Dickinson said that was smaller than what he wai 
supposing. If it could indicate even one and a half it would 
be a valuable instrument, particularly in mines where powder 
was used, and where there was much coal dust, because it 
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was found in diy seams that a small admixture of fire-damp, 
Buoh as a safety lamp might not indicate, would suffice, 
mixed with the coal dust, to communicate with the flame of 
a blown out shot, and so produce a general explosioii. If 
this instrument would indicate what a safety lamp would 
not, it would be a very valuable adjuDot in mines where 
there was not otherwise a discernible per centage of fire- 
damp, and where powder was used. 

Mr. Glegq Livesey said that aU previous instruments he 
had seen for indicating fire damp had seemed to him either 
too cumbrous or too iutrioate for praotioal use ; and he was 
not at all surprised at their not having met with support 
from mining men. He was, however, deeply impressed with 
the utility of the simple instrument devised by Professor 
Forbes. They had none of them had an opportunity of 
seeing it before that day, but he was sure very many of 
those interested in mining would try it. 

Mr. Dickinson inquired if one and a half per cent, of fire 
damp would produce a sound so audible that any ordinary 
person could distinguish it. 

Prof. Forbes : My experience is this — that anybody at 
the first attempt could detect two per cent. On the 
very first trial of the instrument repeated readings of 
it would agree with each other to two per cent, at the 
outside ; but that, with practice, after using the instrument 
for a few times, it could be read to one per cent. I can 
read a half per cent., and my ear is not so sensitive as 
many people's. I am perfectly certain that anybody could 
read to one per cent. 

Mr. Dickinson said he understood that carbonic acid gas 
affected the sound of the instrument. Carbonic acid gas, if 
present with fire-damp, generally retarded an explosion, so 
much that a much longer cap was shown in the Davy lamp, 
indicating its presence, than they bad if the gas was pure. 
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Prof. FoKBBS said that was a point on wUoh he intended 
to have spoken npoa. Two years ago he abandoned the 
instrument altogether, because, although he had seen how 
delicate its action was, when he showed it to a mining 
engineer he was told that the presence of carboDio acid 
would alter the indications of the instrument. He thought 
for that reason, it would be useless, and he gave up his 
experiments for nearly a year. It was not until, on 
asoertaining from the work of Dr. Angus Smith and others, 
the effect of carbonic acid gas, as spoken of by Mr. 
Dickinson, namely, that it prevented a mixture of fire-damp 
and air from becoming explosive, that he set to work again, 
to go into the theory and practice of the instrument. Fom 
per cent, of carbonic acid, he was told, woold extinguish 
both candles and life itself : therefore any perceptible 
quantity of that gas, to affect the instrument, was not likely 
to be met with, under ordinary circumstances. 

Mr. Dickinson said that, according to Dr. Angus Smith, 
two per cent, of carbonic acid would put out candles, and 
four per cent, would extinguish robust life. 

A Member observed that it depended upon the specific 
gravity of the gas. 

Prof. Forbes : It depends on two things — ^partly ths 
specific gravity of the gas and partly on the pressure of the 
gas. The greater the pressure of the gas and the longer the 
tube, the greater the specific gravity of the gas and the 
shorter the tube. The barometer did not affect it in the 
least. 

In answer to a question, Prof. Forbes said that he had 
experimented in some very deep mines in the neighbourhood 
of Glasgow. One of the deepest he had been in was the pit 
of Messrs. Merry and Cunningham, next to the Blantyre 
pit. 

Mr, Evans, Inspector of Mines, said he was very much 



Dcillizedoy Google 



839 

delighted to have had the privilege o£ hearing Prof. Forbea' 
deecription of his instrtiiDent. If it could be brought into 
practical use there was no doubt it would prove very valua- 
ble, especially, aa Mr. Dickinson had said, in mines where 
powder was used, and in which there was a mixture of coal 
dust. The difficult}- he saw about it was that it might 
be too delicate an instrument for ordinary use by a working 
man. , 

Prof. Forbes said that anybody could work it : of that he 
thought there could be no doubt. In answer to another 
qoestioiL the Professor said he had no reason to believe that 
the coal dust present in a mine affected the indications of 
the inBtrument in the slightest. The two per cent., or what- 
ever might be the proportion of gas, would be indicated aU 
the stone, so far aa he knew. 

Mr. Charles 8. Jackson said that, speaking from his 
experience of some mines in the neighbourhood of Wigan, 
he believed the instruinent would be of the greatest utility, 
if it did all that was claimed for it, of which he had no 
doubt. In a mine now being worked at Westleigh he had 
seldom or never seen a cap before seeing an explosion in 
the lamp. That arose from the great purity of the gas in 
that seam. 

Prof. Forbes said that that was au extremely interesting 
point, of which he had never heard before. It indicated a 
field where the instrument would be of the greatest use. 
In reply to an observation by Mr. Livesey, Prof. Forbea 
said he had no hesitation in saying that the purer the gas 
the quicker the indications of this instrument would he- 
Mr. LivESEv said in that case the instrument would be of 
the greatest value, inasmuch as it would indicate exactly 
what the proportion of gas was, whereas now they had a 
very rough rule of thumb way of arriving at it. There 
might be a dangerous explosive mixture, and yet they 
would scarcely find it in the lamp at all. 
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Prof. Dattsins said, as one who iras totally unacqaamted 
irith mimng, he viahed to express the extreme pleasuie 
with which he had listened to such an ingenious mode of 
applying a method of precision to meoauring what before 
was not measured with aoonracy. He certainly thought, as 
a mere otatter ol scientific inqoiry. Prof. Forbea's instnuuent 
was one that was to be welcomed by them all, whether they 
were interested in ooal mining or not. 

In answer to a question. Prof. Forbes said that the present 
price of the instrument was jGIO, and that the makers were 
Messrs. McGKllwray and Soobbie, of Anderson's Coll^ 
workshops, Olasgow. 



ON THE hONQ WALL SYSTEM OF 

WORKIXG COAL. 

Bt W. J. Q-aiMSHAw, F.Q-.S., and Hbebbrt Phillips. 



Past II. 



If part of a rigid or resisting body be subtracted in such 
manner as to leave an overlying portion, this portion will 
become subject to a more lively molecular action. In other 
words, the overlying portion, being deprived of its rigid 
support, becomea subject to an amount of disturbance, which 
varies in intensity according to its nature and the amount 
of artificial support substituted for the rigid support of the 
strato excavated. 

When workings are headed out over a large area, the 
piUars have to sustain the sum total of the superincumbent 
weight. Assuming that coal will not bear a pressure greater 
than (say) 2000 lbs. to the square inch, it becomes evident 
that, at a certain depth, the static weight on the coal will 
approach the crushing point, and theoretioally a small 
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amount of excavation would cause tliat point to be reached. 

But here Beveral matters require consideration — such as 
the nature of the roof and floor — aa these are very important 
factors. Boof falling in a heading or comparatively narrow 
place, generally falls in such manner as to leave the opening 
somewhat in an arched form — while a roof will sometimes 
bend till it touches the floor, when the coal has been gotten. 

Possibly there may be a difference in the atomic structure 
of coal lying at a great depth — 'but this is a purely hypo- 
thetical consideration. That depth has a very serious effect 
in pulverising a coal seam is well known. 

The generation of gas may depend upon, or rather be 
influenced by, several conditions, and doubtless these con- 
ditions vary materially in different cases. When part of the 
ooat ia extracted, the remainder is subjected to an increased 
weight, resulting from the preaaure of the upper strata and 
also to a lessening or removal of the lateral pressure. When 
this weight is on, gas is frequently given off in large 
quantities and continues to be given off till the extra 
make, due to the increased pressure has become exhausted, 
or the pillars have become so shattered as to be only in 
slight resisting contact with the roof. The zone, (if it may 
be so called,) of generation will extond throughout the field 
of pillars, so that to nullify risk it is necessary to scour all the 
pillar surfaces with wind. The numerous angles of the pillars 
render this operation somewhat unsatisfactory at times. In 
the long wall workings the zone of gas generation will 
be limited to a space boimded on one hand by the coal wall 
and on the other by that point at which the super-pressure 
has become so great upon the goaf as to resist or subdue the 
expansive force of the gas. Where the mine is deep and the 
roof flexible the zone will be narrow, where shallow and 
rocky it will of course be wider. From measurements 
recently made, the writers have found that a long wall goaf 
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is practically imperrious to gas geaeration, according to the 
follQwing table : — 

DepCh of Boof. Floor. Dittaace of Mild 

Hin«. goat behind litcfH, 

75 yds.. .Flexible and soft. .Heaves a little, .18 to 20 yds. 
100 „ 

160 „ Rock and bind. 40 to 50 „ 

2O0 „ Shale and rock bands 20 to 40 „ 

250 „ Shale and rock bands 25 to 30 „ 

300 „ Strong shale and rock 40 to 50 „ 

Then there is also this consideration : If the goaf is open 
for the generation of gas it is also open for the circulation of 
wind. Should the goaf rise to the faces or " banks," the 
gas will flow into the air currents and consequently be car- 
ried away as generated. Should the other condition obtain and 
the goaf dip towards the " banks," an allowance of wind to 
go up and down the gateways will most likely be necessary. 
Weight or pressure accelerates or quickens the generation 
of gas. Supposing coal to contain the same amount of gaa 
at all depths, and that it be of uniform texture or hardness, 
then generation of gas (in a given time) might be expected 
to increase in direct proportion to the depth of the overlying 
measures. This would certainly he the case ; but, as a rule, 
it is found that seams lying at great depths have less genera- 
tive power than seams lying at less distance from the sur- 
face. Mr. N. Wood (p. 14, vol x. of the " Transactions of 
the North of England Institute " ) gives an instance of this 
in the same seam at adjoining collieries. Allowing, how- 
ever for this, the statement that generative power is in pro- 
portion to depth, will still hold good, foi: whatever may be 
the amount of gas contained in a seam, it vrill be generated 
at a quicker rate, under a heavy than under a lighter pres- 
sure. What are termed "weights" will generally increase 
the influx of gas. During the action of a weight the stateof 
slow motion in which the super-strata must be, increases the 
pressure on the coal faces by causing a kind of grinding 



action. From experiments recently made by the. writers, 
they found that the temperature of the coal in the gate- 
roads was sensibly increased during a weight. Rippings 
are of course a considerable source of expense, and in 
making a road it is very necessary to take into consider 
ation the time for which it will be needed. If a road 
will be required for only six months, it is absurd to make it 
in such a permanent manner that it wiJl last as many years. 
When we come to deal with the question of reUtive cost, we 
shall find that the straightwork of the pillar and stall system 
has to be pitted against or compared with the goaf roads of 
the longwall system — bearing strictly in mind the purposes 
served by each, and the advantages and drawbacks of each. 

It is worthy of note, that in working large pillars of coal 
by so-called "longwork" the packing of the goaf is not so 
well attended to, as a rule, as it is when there are practically 
no pillars, and upon the advancement of the face depends 
the whole output of the pit. This is not to be wondered at, 
for two reasons. Firstly, there is not the same need to keep 
the faces clear, because the mine is so subdivided that no 
tottd stoppage of operations is at all likely to take place, 
a comparatively safe ventilation is more easily practicable, 
and the inducements to pack well and thoroughly are often 
wanting, because a worked-out pillar is abandoned. Secondly, 
in many mines the material required is wanting, and cannot 
be obtained without thick rippings. In longwall working 
but few explosions have resulted from standing gas in the 
goaf, but instances of outbursts from the floor or roof have 
been comparatively frequent, aod it ia within the range of 
possibility that the system of working may render possible 
ih.eae occurrences more often than would the pillar and stall 
or other systems. In some cases, more especially where a 
fairly straight face is being worked, both the roof and floor 
may remain, almost intact while the face advances a con- 
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siderable diataooe, then if tlie packing has not been well 
attended to and kept up, when the weight comes on a 
oonsiderable body of gaa may be suddenly liberated. Where 
the roof falls close behind the packs we do not hear of the 
occurrence of these outbursts; but it does not by any means 
follow that gas is not liberated, most probably it is, but in 
such small and frequent volumes as to be almost imper- 
ceptible. There can be little doubt that careful and 
judicious packing will often prevent the occurrence of an 
outburst of gae. When, with a fairly straight face, a 
rupture of the roof takes place through insufficient packing 
or some unforeseen general cause, that rupture is likely to be 
on a larger scale and to liberate more gas than any fracture 
which could take place under the ordinary conditions of 
pillar and stall working. The true use of packing is to 
serve as a buffer between the roof and floor of a mine in order 
to prevent a too violent contact, and on its proper perform* 
ance depends, in great measure, the safety of the men 
employed, and the economical working of the coal. 

We have been kindly supplied with the following infor* 
mation with reference to the working of the Top Hard 
Seams at a Derbyshire Colliery. 

Section op Mine. 

ft. in. ft. in. 

Left for roof, unsale- i Coal and dirt 6 1, _ 

able ( Comb coal 11/^' 

OIoQch (Holing) . , 
Best soft coal .... 

Sold together as f Rif tor 

steam nard \ Soft coal 

Best hard coal .... 

Used for building j" Soft coal 

packs {difficult to-i Sack 

sell) (.Bottom soft (Infr.).. 

L.f.d.w„foraoor..{S-J-^^-;;;-;-;-0 0| , „ ^^ 
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^ clunoh 5 to 7ft. 

Strongs etoney clunch 6 to 7 ft. 

Strong grey stone depth unknown. 

The strata overlying the mine, reading from the inferior 

ooal left for roof is : — 

FmL In. 
Strong Bind, with thin ironstone beds .... 3 

Soft Bind 10 

Strong grey stone 32 

Cank (strong) 3 

The length of the stalls is 30 yards, and the distance 
between the oross gates, 100 yards. The weights are violent 
if the face gets out of line, but subside gently if it is straigBt 
throughout the whole length of stalls. The quantity of air 
circulating is 89,000 cube feet per minute, in two splits of 
57,000 and 32,000 cube feet respectively. The water guage 
is lA inch. 

In ventilating longwall workings the air is taken direct 
to its work, and the amount of waste that requires to be 
aired is comparatively insignificant. Of course, the venti- 
lation of longwall workings does not differ in any material 
degree from the methods in ordinary use. The only advan- 
tage it can claim is the simplicity of its arrangement. The 
air is now split much more frequently than formerly, and 
greater attention is paid to the ventilation. Having a 
certain amount of power at hand, colliery proprietors seem 
determined to utilize it fully, and large quantities of air are 
circulated through many of the collieries. One colliery, 
about 300 yards deep, working the hard and soft coals, 
has fire splits in the hard coal, averaging 16,800 cube 
feet per minute each, and five splits in the soft coal, 
averaging 12,000 cube feet per minute each — or a total 
volume of 144,000 cube feet. 

The dUffUMum teas postponed until the three Parti are in the 
hands of the m^nbers. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETY. 



At the Ordinarx Ussnita of the Members of the 
Society, held on Taeaday, the 27th day of April, in 
the Literary and Philosophioal Society's Booms, George 
Street, Manoheeter; 

Professor W. BoXD Dawkins, M.A., F.R.S., Vice-President, 
in the Chair. 
Mr. John Hargreaves, Paper Manufacturer, Winkhill, 
near Leek, Staffordshire, was elected an ordinary member. 



DISCOVEEY OF BOULDERS. 



Hr. AiTKBN said : Before we proceed with the regular 
business, as indicated by the circular, I should like to call 
the attention of the Society to three boulders which have 
recently been discovered ia this locality. The first occurred 
in the main sewer which is being made at FUston. From the 
description I have received of it, I suppose it will weigh 
some two tons ; it is not, therefore, a very large one. The 
sectmd boulder was disooveored at Urmston. This is larger 
than the Flixton one, being upwards of four feet in length, 
and I suppose it will weigh about three tons. The third 
boolder was discovered during the exoavations being oon- 
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ducted by the Bochdale Canal Company, in Lees Street, 
Piccadilly, Hancheater, and is larger than the last-named, 
being estimated to weigh about fonr tons, it ia now placed 
in Alexandra Park, in this city. In addition to these 
three — which have not previoualy been mentioned — 
there is one recorded by Mr. Binney in the Tran- 
eactioDB of the Manchester Literary and Philosophical 
Society for the year 1877, which was an extremely large 
block, its weight being estimated at 50 tons. This also 
occurred in a sewer, and offered such decided obstruction to 
the cutting of the drain that Uasting had to be resorted to, 
and, I belieTB, the drain eventually was carried through the 
very centre of that large mass of rock. The peculiarity 
of these boulders arises from the nature of Uie stone 
itself, which is a very fine hard siliceous grit in 
most cases approaching quartzite in structure. The 
fractured edge, it will be noticed, is almost as sharp 
as a knife, and, strange to say, the whole of these four 
boulders seem to have been derived from one source, 
being almost identical in texture, colour, and composition. 
The very large one found at Old TraflFord, and described 
by Mr. Binney, is, perhaps, a little coarser in texture than 
the others. They have been examined by several geolo- 
gists well acquainted with the rocks in Lancashire and 
the northern parts of England, all of whom experience 
great difficulty in deciding as to their origin. I do not 
myself know of any rock which answers to the character 
of these particular stones. Another remarkable fact is 
that they all seem to lie in one line, almost east and 
west of each other. Whether this is accidental, or whether 
the source from whence they came is to be sought for 
in that direction, I am imable to say ; but such is the faet. 
All the boulders, I should say, are distinctly striated on 
the surface, ore sub-angular, and roughly cubical in foim. 
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Mr. Makk Stikrup said with regard to one of the 
boulders mentioned by Mr. Aitken — that fonod near 
Piccadilly, vhich had since been deposited in the Alexandra 
Park — it seemed to hare Boffered a good deal of damage 
previously. One gentleman who was connected with the 
superriaion of the works in Piccadilly, told him that it woa 
very likely only a re-dtscorery : it was very probable the 
boolder was originally in the bed oi the canal, and it had, 
he supposed, been simply got out of the way and reburied, 
because there had evidently been large pieces broken off 
it, and the fractures were apparently, not of very old date. 
There were stiU, however, very evident sigiis of ice marks 
upon the boulder. It was of large size, and very interest- 
ing to see. 



FOSSIL TREES. 



Mr. Aitken said: Perhaps you will also allow me to bring 
under your notice the fact that in some excavations recently 
made at Oldham a number of erect trees have been dis- 
covered. The excavations were made La getting shale for the 
purpose of making bricks. The quarry has been worked I 
believe for about three years ; and I am told by Mr. Neild, 
who resides near the place, and has visited it frequently, 
that some scores of fossil trees have been found daring that 
period. I paid a visit to the quarry about a week ago, 
and found two erect trees in Bttu, one was 18 inches 
in diameter and about 8 feet high, and I learned that 
about 6 feet of it had been removed before the time of 
my visit. The roots spread out forming a large stool, and 
having been bared for the purpose of examination presented 
a very interesting and remarkable feature. There was 
another tree about 3 feet high, and of rather larger dia- 
meter ; but some, I believe, have been discovered in this 
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quarry apwards of 2 feet in diameter, and of greater 
length than any I have mentioned. They seem all to stand 
upon one g;eneral level and in the stratum, which uaderhes 
the roots there are found a large number of fossil fema, 
calamitee, and other regetable remains. The trunks are 
not perfectly yertical, in consequence of the rock in which 
they are embedded having been tilted over to an angle 
of six or eight degrees. Besides the trunks I hare 
mentioned there are indicatioas of eleven more which have 
been removed by the workmen. The concave surfaces left 
in the faoe of the rook are, however, still visible. Some of 
these, also, havd been of very considerable height and large 
diameter. They may still be examined by any one who feeb 
sufficiently interested in the matter. The quarry is on the 
north-east side of Oldham, at Oldham Edge, and near the 
Lower Moor Colliery. 

The Chairman (Prof. Dawkins) said he quite agreed with 
Ur. Aitken with regard to these trees ; they certainly were 
the most remarkable instance of the ^tosure of a carbonifer- 
ous forest to day-light he had ever seen. He did not believe 
in this country we had ever had so fine an illustration of the 
way in which the trees grew, and of the way in which they had 
been preserved, as in that place. The stems of the trees 
might be se^i close to one another — two were quite close 
together — conveying an idea of the dense condition of the 
carboniferous forest, of which they formed a part. 
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ON THE LONG "WALL SYSTEM OF 

"WORKING COAL. 

By "W. J. GR1M8HAW, F.G.S., uid Herbert Phillips. 

Part III. 

In comparing modes of coal getting it is very requisite to 
take into account the comparatiTe getting facilities of 
di&rent coals as the getting facility has an important bearing 
upon the "ohartera" and the get per head. 

It may be remarked, en passant, that collating the number 
of tons wrought per life lost, is as a teat of efBcient working, 
to a oertain extent, misleading. If in one district two tons 
of coal are wrought as easily as one ton in another district, 
it should follow, other considerationa apart, that the greater 
"get" per life lost should be in the former district. The 
reverse may, however, be the case when the hardly wrought 
seam is gotten by a superior system to the more easily 
worked one, but oases in which such a great difference 
obtained would be very few and far between. A record of 
the time spent under ground during the year by the total 
number of under ground employes might possibly be a useful 
record for comparison, and would certainly be an interesting 
one. An account of the relative progress of different systems 
of working coal during (say) the last ten years, would afibrd 
some valuable information, but such a review would require 
very careful and cautious handling. 

The circumstances onder which a miner can get the 
greatest quantity of coals, are when his thorough and con- 
tinued attention and efforts can be applied to the department 
for which he is best suited. The skilled miner should — to 
obtain the best results — devote the whole of his time to 
skilled work. 

Any deviation to work which could be done by a less 
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akUlfld workmaa is a Ion <^ eoonoiny, yet tliis is an often- 
broken role. Tlie hewer vastes his time in loading, the 
loader wastes his time in tramming, and the management 
loses by both. The advantages of a proper division of 
labour are not tborooghly and generally understood. Feiqtle 
constantly engaged in some manual occupation often attain 
a skill which seems marvellous to an observer. Constant 
practice aeema to endow them with a kind of intuition or 
almost instinct, which is nearly infallible. It is claimed for 
the long wall system that the principle of adjusting the 
right man to the right place and keeping him there, can be 
adopted more readily than in any other system. Holers or 
underoutters are generally active young men, who are very 
expert with the pick. The packing and timbering is done 
by the stallmen or contractors. Iioaders are generally more 
remarkable for strength than skill, in fact, the form in 
which many of the coaU get, requires considerable strength 
in the loaders to put the blocks entire into the trams, thus 
getting rounder coal and saving the waste which would be 
entailed by breakage. Tramming is principally performed 
by boys under the direction of a few men. All these 
separate operations, the first three of which are, in some 
systems, done by the same man or men, are relegated to 
men who follow the same work for years. The last men- 
tioned operation — tramming — has a very important influ- 
ence on all the others. We are taking for granted that the 
haulage arrangements will permit of a necessary supply of 
trams at the different points where required for distribution. 
I^othing will tend more to elevate " charters " than irregu- 
lar supply of trams. If the demand on the stallmen's efforts 
fluctuates, the maximum capability cannot be arrived at. 
At one time getters and loaders are wasting time in waiting 
for trams ; at another, coals cannot be obtained from the 
working places. Such arrangements as will ensure a suffi- 
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cient sad. regnlar anpply of trams to eaoli stall are' most 
eoonomioaL If tlus rule be followed, in a short time the 
TTiaTiipiim produomg power of each stall will be ascertained 
and in this position the charter for g;etting reaches its 
minimum, and will then be ruled by market influences only. 

Strength or hardness of seam has, of course, an important 
bearing on the getting price. This is especially the case 
with the "Top Hard" coal at some of the Midland Collieries. 
Those who are acquainted with the hard textnral structure 
of the "Deep Hard" and "Main" coal seams, will perhaps, 
endorse the statement that to get them by a " post and 
pillar system" would bo an extremely difficult undertaking, 
in a. paying sense. The undercutting in either of these 
seams costs from 6d. to 8d. per lineal yard — the depth 
under varying from 3ft. to 4ft. It is sometimes in coal, 
but where possible in the fireclay. "Where the " webb" 
or undercut cool will not come down by the influence of 
gravity and weight, the coal is cut to the solid, such cutting 
often causing it to fall right and left for some distance, or if 
not, giving a good " buttock " or " spurn " to blast from. 
This cutting is paid for at the rate of 6d. te 8d. per lineal 
foot. 

Table A. 

The following are the prices paid for headings in these 
seams — giving the width and height of the drivings : — 



Name of ae«m. 


Width. 


Height. 


Price 
perYard. 


RemarkB. 


DeepHftrf 


ft. in. 
6 
6 
6 
6 


ft. in. 
3 
3 
3 
3 


6/6 

7/0 
5/- to 5/6 
5/-to6/- 


ft. in. 
Day's Work, 3 


Deep Soft ...... 

Tumaoc Coal.... 


,,3 
„ 3 



The charter prices are so nLuch per ton raised, and the 
stallmen pay the workmen stint prices. Loading, packing, 
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timbering, and tnmuning into gate roads, are included in tlie 
oharter piioe. As a rule ripping is also included. If 
nothiag be paid to the staUmeu on that account, the charter 
will ran from Id. to 2d. per ton higher, aa an allowanoe for 
the same. However paid lor, it is always done by the stall- 
men, and prices range from 3s. 6d. per yard, at 8 ft width 
and 3 ft. 6 in. height, to 78. per yard running of the same 
dimensions. In some mines once ripping will suffice to keep 
pony height between the cross gates, but in case of deep 
mines further ripping is generally necessitated. From 
numerous averages, recently taken, the wages of staUmen 
seem to riiQ from 4s. 6d. to 5a. per day. 

The following table shows the " Comparative Facility of 
dotting" of different seams as indicated by the clarters, 
gets, &o., reduced to a standard of Is. per ton. 



Thickneu 

of 

Seam. 


Piioe 
par Ton. 


Number 
of Men. 


Ton. gel 
per Day. 


ATeia^ 

Get per 


Standanl 
iedut»ito 
la. per Tml 


ft. in. 


B. d. 






Tana. 


Tona. 


2 10 


2 5 


7 


15 


2> 


5197 


2 8 


2 6 


6 


12 


2 


5- 


3 6 


1 8 


8 


30 


3 


5- 


3 4 


2 2 


6 


15 


2i 


5- 


3 


2 4 


20 


40 


2 


4-666 


3 6 


2 1 


15 


34 


2a 


4-7 



It is utterly impossible to give a scale of coat that would 
even approximately apply to the generality of minee in 
working. It may be safely said that a man working in a 
face of coal, is capable of producing (say) as a rule twice a* 
much coal as a man working in a straight place, and in 
addition to this his coal will be in more saleable condition. 
The item of yardage in pillar and stall work is very con- 
siderable, and against thia has to be set the cost of gate 
roads in the long wall system. Taking the case of a seam 
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of coal in Lanoashira the amovmt of oo&I gotten in the whole 
is as 1 to 3 in the broken. The number of tons raised per 
statute acre is 7283— end the cost per acre for Btraight work 
is jC485, and for wide or broken work, £460, making the 
cost of hewing about 3s. 5^, which is not materially 
different to the prices paid to the stall men working by the 
long wall system. The seam, of which this cost is calculated 
resembles in great measure some seams worked long wall, 
and though the cost per ton is about the same, &.ere is a 
somewhat greater proportion of large or round coal produced 
per acre by the long wall workings. This advantage is, 
however, counterbalanced by the difference in coat between 
hand-picking and screening. Many "sorts" of ooal are 
made at most of the midland collieries. Indeed it is 
questionable if fewer would not be more economical, for in 

some cases though there may be a distinction between some 
of the qualities — it is almost a "distinction without a 

difference." 

As on example of departmental cost we give the following 

analysis. 

The colliery is capable of raising 1000 tons per day, and 

is at present raising about 4000 tons per week. The thick- 
ness of tlie mines in working is not less than 3 feet nor 

more than 4 feet. 

The gradient may be averaged as 1 in 10. 

The tonnage cost is 2*4 per ton. 

Overmanship and Supervision 0'430 

Daymen and Odd Work .... 1-7S 

Haulage and Enginemen .... 2'5 

Banking (6 sorts of coal) .... 3'5 

Stores 2-0 

Horse Keep 1-13 

Bents 60 „ 3«. 9-31d. 

We have endeavoured to bring under your notice some 
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facte and theories relating to the long wall ajstem of work- 
ing, and thoogh we hare not brought forward anything new 
or startling, we trust that the plain description we have 
endeavoured to give may be of interest and use to at least 
acme of the members of this society. 

The ditcuetion wot postponed until the three Parts are in the 
hands of the members. 

A DESCRIPTION OF MESSRS. BOOTH AND 

SFGDEN'S DETACHINa HOOK. 

By G-eobqb H. Hollingworth, F.Q-.S. 



The subject of Detachiag Hooks is at the present time 
occupying much attention among the mining community, 
partly because of the prominence giren to the subject by a 
recent dreadful accident, partly because of the interest taken 
in the subject by Mr. Gross, the late Home Secretary, and 
the oiroular teat out in consequence by the Inspector of 
Mines (and which would seem to be a foreshadowing of 
legislation to come), but I think, mainly because of the 
existence of a general feeling amongst colliery maaagen 
that some such safeguard should be adopted, so that I do 
not think there is any need for me to apologise for intro- 
ducing this subject to your notice. 

A good hook would be reliable, light and cheap, and 
would require Kttle attention to keep it in good working 
order, and Messrs. Booth and Sugden's hook would appear 
to possess these qualities. 

It has only recently been brought before the public, and 
is on quite a different principle to any other book yet in 
, though very ingenious, is quite simple. There are 
igs or any contriyance liable to get out of order, 
dinary winding the hook forms a shackle between 
e and the cage chain, and it cannot be pat into 
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operation or disengaged by auTthuig faUiug down the shaft 
or other oonoeiTable accidental oconrrenoe. 

It is made of cast steel so as to combine great strength 
with lightness and durability. 

During the act of detBohment 3 oopper pins vhich serve 
to keep the studs in position must be sheared; but the pins 
are placed one in advance of the other, and the shearing 
action upon each pin is extended over a vertical height of 
six times the diameter of the pin (the action being similar 
to that of a cropping machine) so that the shearing is not 
perceptible, there being practically no strain. 

Another important feature in this hook is, that it makes 
it impossible for what is termed a " partial overwind" to 
take place. The term " partial overwind" being used to 
signify that in a case of "pulleying" the cage has been 
stopped and the engine reversed when detachment or partial 
detachment has taken place, whUe the suspension apparatus 
has not gone far enough to get a secure hold of the suspen- 
sion beam ; the consequence being the release and fall of 
the cage. With this hook, if the engine is stopped and 
reversed before the box gets properly into position for 
detachment, the studs are forced to return to their former 
working position as the box is lowered through the suspen- 
sion beam, by an attachment action the converse of the 
detachment. 

When the cage has been detached by an overwind, the 
connection of the rope to the cage, and resumption of wind- 
ing need not take more than five minutes, 

Being of such recent introduction only a few of these 
hooks have yet been made, but one has been in daily work- 
ing at Oaks Colliery for more than three months, which on 
being tried by a purposed overwind succeeded perfectly. 

The weight of a hook, the ultimate strength of which is 
60 tons and working load 5 tons, weighs 38 lbs. 
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The hook is not adapted foi pits vorkmg without guidoB, 
and with roond ropes, Baoh as pita being aaiik with toond 
ropes, as it is neoessary that the bos should enter square 
into the sospenaioQ orifice, and this cannot be secured under 
those conditions. 

I will ooQolude this short paper by reading the inventor's 
desoriptioii, bat the principle will be best seen by an ez&nii- 
natioQ of the drawings and models which are before yon. 

I may also remark that I have purposely avoided making 
oompariaon with uiy other hook, my object being simply to 
introduce this one to your notice. 



Description of Detaching Hook, patented by Isaiah Booth 
and Thomas Sugden on the 20tfa day of November, 1879. 

The apparatus is constructed aa follows : — 

A box is secured by the usual D links to the capping at 
the bottom of the winding rope, and to the cage chain, in 
this box the hook or bar to be released is secured, the box 
being shaped out to receive the same. In the hook there ia 
a hole shaped out, into which a stud is inserted, this stud 
carries the load and has a bearing upon eaoh side of the boz, 
which is prepared to receive it. Below the hole, a wing or 
wedge-shaped projection is fixed upon or rather shaped upon 
each side of the hook, the wings being thickest at the lower 
end and tapering upwards. Immediately opposite the 
" bearing stud " and in the same line with it, is fixed 
another stud, which is the " forcing stud." Both stu<ls are 
kept in position by soft metal (copper) pins screwed into 
the box, and both are chamfered off on the lower edge so as 
to form an inverted T when together. 

The end of the " forcing stud " projects outside the box, 
while the whole of the " bearing stud " is ooacealed within 
the box. 
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Near Uie pulley is fixed a beam or beams to which an 
iron casting through which the rope passes is secured, the 
casting is oonstrooted to receive the box, and to detach the 
rope when the box is drawn through the aperture, which is 
constructed on one aide with a tapered alot, having its 
deepest part at the lower edge, and on the other side with a 
oorresponding projection. This is so arranged that the box 
in passing through the aperture causes the projecting part 
of the " forcing stud " to come into contact with the bottom 
of the slot, the " forcing stud " being then pushed inwards 
into contact with the " bearing stud " which is thus forced 
outwards, and when the box has been drawn through the 
aperture sufficiently far, that the two studs are clear of the 
top, the two studs now form together an inverted V exactly 
opposite to the hook : the hook being slightly narrower than 
the y readily enters. The ends of the studs are now just 
dear above the aperture, the box is held at this point by 
projections which prevent it from going through the aper- 
ture, so that the hook is drawn through the Y, forcing the 
studs outwards to a distance sufficient to project so far over 
the sides of the aperture as to hold the cage securely in. 
position. 

After detachment has taken place, the rope can readily be 
connected by placing the hook in the box, so that it will 
again descend through the aperture, by means of screws 
placed at the top of the aperture for that purpose. The 
lowering of the box through the aperture forces back the 
Btnds to their original positions, and winding can then pro- 
ceed as usual. If the rope comes to a position of rest when 
the box is in the aperture, and the box afterwards be made to 
descend, in descending, the projection in the aperture force? 
back the studs to their working position, so that it quits 
the aperture in exactly the same condition aa it enters, thus 
obviating accidents from what is known as " partial over- 
winding." 
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The patentees olaim the following adTsntagea for tiut 
inTention : — 

1. The load has no part in the action of diBengagement. 
It is not continually striving to release itself from the rope. 

2. There is no risk of disengagement hy anTthing falling 
down the shaft. 

3. No tendency to release the load, by drawing the box 
back through the aperture after it has been suspended. 

4. Release by " partial overwinding " is entirely obvisted. 

5. Disengagement takes plaoe withont any appreciable 
strain upon the rope, the shearing of the copper pms 
requiring very slight force. 

6. A few minutes only are required to connect and get 
into working order, after the occurence of an " overwind." 

7. Lightness combined with strength. 

8. It can he taken to pieces and examined, and be again 
put to work in a few minutes. 



Mr. Woodward said the hook described by Mr. HoUing- 
worth appeared to him to be a very clever mechanical 
contrivance. There was only one point which he considered 
weak — that was the swivel — otherwise, if kept in order, 
as all mechanical contrivances ought to be, it ought, so far 
as he could judge from the paper which had been read and 
the model and drawings exhibited, to act satisfactorily. 

A Member said it appeared to him the only strong ob- 
jection to the hook was that it had always to be maintained 
in one position : it must be kept by the guiding rods 
exactly square with the aperture through which it had to 
pass. Again, it seemed to him the studs would be liable to 
rust tight and possibly break off, instead of coming into 
action at the moment they were required. Of course if well 
looked after, and the whole kept in good working condition, 
that danger would be obviated. 
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Mr. Mabtin said that several books of this class hare 
been invented and patented in recent years; among tbem 
he might mention Ormerod's, King's, Fisher's, Leonard's, 
and others. Some of them have a great similarity in 
principle, but tbis of Messrs. Booth and Sngden appears to 
be different. All more or less depend upon the pin, and like 
everything else require attention. Of course if expected to 
go on working for ever without being examined and kept 
in order, they would very soon be a source of danger instead 
of safety, but, with ordinary care, there seemed no reason 
why the pin should be the cause of an accident, except in 
the case of a partial overwind, under which circumstances 
should be examined and put in order at once. He was 
informed at collieries where detaching hooks had been in 
use for years that several cases of over-winding had 
occurred, and as a rule the hooks had act«d correctly, and 
saved not only a good deal of time and property, but also, 
human lives. No instance had ever come under his notice of 
a detaching hook being the immediate cause of an accident, 
although some may have failed to suspend the load when 
brought into action. There were at the beginning of this 
year a large number of these hooks in use in this district 
as will be seen by reference to Mr. Dickinson's annual, 
report, which will soon be published. 

"With reference to the swivel he said that they were 
commonly in use at many collieries, and were con- 
sidered a safeguard rather than a danger when made in 
proportion to their work. Only a few days since he was 
told at a colliery of an accident having occurred in 
consequence of the swivel not being in use, a large water 
barrel in coming up the shaft revolved so much that it broke 
the rope a short distance above the socket. 

Mr. HoLLiNGwoRTH Said that the swivel was not an 
essential part of the hook at all. The pins could be replaced 
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In a short time, by simply screwing them out with a screw- 
driver, and hfl did not think that the apparatus waa at all 
likely to get oat of order. The whole working port was 
covered up, and was supposed to be a neat fit, and pretty 
well greased when put in ; and it was also expected that at 
intervals of four or six weeks the whole would be unscrewed, 
the copper pins and studs forced out, and, when these had 
been greased, put together again. This was all that waa 
required. 

Mr. AiTKBN asked bow long it had been in use. 

Mt. Hollinowobth said that the hook was only patented 
in November last, and it had been in use at a colliery near 
Oldham, for the past three months. 



GEOLOGICAL STRATA, AND MODE OF PRO- 
CEDURE IN DRIVING A TUNNEL AT 
SADDLEWORTH. 
By William Watts, F.G.S. 



Eably Tunnels. 

We have no precise data as to when subterranean tunnela 
were first made. It is more than probable that they were 
first employed to convey water for irrigation, and subse- 
quently for the purpose of navigation. 

Very few tunnels were driven in England before the time 
of Brindley. 

The invention and perfection of the steam engine, espe- 
cially for locomotive purposes, gave a great impetus to the 
construction of tunnels for railways to facilitate and cheapen 
the cost of transit of merchandise from one town to another. 

Although the earb'est tunnels were made to convey water 
long distances, few such structures have been made for that 
purpose in the 19th century, except in connection vith 
waterworks on a small scale. 
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FiBTHOKNB TUKHBL. 

Fietbonie tunnel was designed by Messrs. Batemui, Hill, 
and Batem&n, to oonvey Densliaw water into Pietliome 
yalley, and thus connect the existing or old avBtem of 
reservoirs with the Denshaw works which are now in pro- 
gress under the direction of Mr. Foster Bateinan, the 
resident engineer. 

The driving of the headings at the open ends oommenoed 
on the 18th of March, 1878, and the last length of arching 
was tamed on the 24th December, 1879, the sinking of the 
two shafts proceeded simultaneously. 

The shafts are circular in plan, and are 8 feet internal 
diameter, cased with one 9-inch ring of bricks, set in 
hydraulic lime. The shaft nearest Denshaw is 150 feet 
deep, including 18 feet of a " sump," and the shaft nearest 
Fiethnme is 154 feet deep, including 21 feet of a " sump." 

The object in sinking the sumps so deep was to prevent 
the winding of water from interfering with the winding of 
ezoavated material. It was afterwards found that this was 
a wise provision, as a great deal of wator had to be conten- 
ded with during the execution of the work. 

The sinking of each shaft proceeded uninterruptedly to 
the bottom before the brick casing commenced, very little 
timber being used except near the surface. The manner of 
timbering is shewn by the mode! on the table. It succeeded 
admirably, and did not interfere with winding, as no cross 
timbers were required. This timbering remained until the 
completion of the tunnel without shewing the slightest sign 
of giving way. 

If the material forming the sides of shafts be tolerably 
compact there is little danger in sinking 150 feet deep 
vertically before commencing the brickwork, but a practical 
and a careful person should have constant supervision over 
the work, and if he be a geologist all the better. 

It is an advantage to employer and employed to proceed 
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in shaft Binkiiig as here indioeted when the nature (^ the 
geological formatioD will allow. The miners can go on and 
finish nnlung before the bricksettera commence, and the 
latter can begin their work at the bottom of the shaft and 
proceed nnintemqttedly to the surface, and the work wiU he 
better done. 

To prevent the water tapped in sinking from finding its 
way to the brickwork, and crashing the lime irom the beds 
and joints, befra^ it had time to set, rubble atone backing 
was pat in behind the brick ring, in the form of a vertical 
drain, and carried op &om the base of the shaft as high ss 
necessary to tap the water. This plan kept the brickwork 
dry, and did not interfere with the setting properties of the 
lime, and freed the shaft of water during subsequent opera- 
tions. After the completion of the brickwork the snmpe 
were boarded with 3-inch planks from the bottom to prevent 
the water barrels getting fast against the framework of the 
sump staging and doors. 

The water barrels were constructed after the pattern of a 
small model on the table, and contained 136 gallons. A 
square flap valve is fixed on the bottom, to which is attached 
a light chain, to facilitate its being opened on arriving at 
the surface of the shaft when winding water, and also to 
enable the barrel to fill itself when it descends into the sump 
without leaving its vertical position. 

The bottom of the barrel was also w&ighted with lead to 
assist it to fill and keep upright, as there is danger of 
entanglement of the rope should it turn over and fill itself 
bottom upwards. 

The time and frequency of emptying the sump is deter- 
mined by the quantity of water flowing into it, and this 
depends on the state of the weather. 

In about two days after a heavy rainfall an increase of 
water usually made its way into the workings, but with 
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regard to sabterranean percolation no precise data can be 
given as the amount of water wliioh reaohes the workings, 
and the time that it will require to do so, will depend upon 
the nature of the surface soil and substrata. 

Before the brick lining of the shafts commenced the 
headings were driven 10 yards each way, to be free of the 
shaft; temporary wooden lintels being inserted to support 
the brick ring over the headings for the time being. 

The sinking of the two shafts and the driving of the 
tunnel were carried on by contract, by separate gangs of 
naen, the Corporation finding implements and material. 
Kach workman received a proportionate share of the 
earnings of his gang, share, and share alike. The men 
formed their own gang, and selected their leader to receive 
the united earnings and sign cheques ; the only stipulation 
made, was for the privilege of discharging any of the 
men who did not satisfactorily perform their duties. The 
men were at liberty to dose their contract any day, but it 
was insisted on that eaoh shift should be worked by the 
proper number of men ; the plan worked admirably. 

Where a Corporate body undertakes to provide imple- 
ments, materials, and engineering skill it is decidedly the 
best plan to let the work on the principle here indicated. 
A more intelligent class of workmen treats for employment, 
and each man gets the full benefit of his labour. We feel 
sure that the principle might be more extensively resorted to 
by Corporate bodies. Where s contractor invests capital in 
an undertaking the circumstances are changed, and it cannot 
be expected that he will consent to an equal distribution of 
earnings, not even when he works along with his men. 

With regard to excavating in the tunnel the same plan 
was adopted as in sinking the shaft, viz. : the whole length 
of the tunnel (1,412 yards) was driven through before the 
brick lining was permitted to begin. 
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This plan a! procedure inyolveB a greater oatiay of timlier 
There the nature of the ground requires timbering; but on 
the other hand, it secures better work, more correct lines 
and levels, and in the end, I think, is cheaper, in addition t« 
a saving in time in doing the work. Of course titeae 
remarks aj^ly to small tounels only, such as are general^ 
required for hydraulic purposes. 

Large railway tunnels involve a greater outlay of timber, 
and it is necessary that it ^ould be used over and over again 
to cheapen the primary cost. 

To avoid pumping water tbe headings at the three fEdling 
ends were driven on the level, the bottom beiag /ootri4dtd to 
the proper gradient as the brickwork proceeded. 

The roof of the headings in each case was worked to the 
true gradient, so that in a distance of 100 yards, with a fall 
of 10 feet to the mile, the vertical section of the heading is 
7 inches less, and so on for every 100 yards driven. 

Where shafts are not far asunder, as in the Piethome 
tunnel, the loss of 1^ inch per chain in driving is more than 
compensated for in the saving of pumping, in other words, 
footridding costs less than pumping. 

With slight gradients and moderately soft material ^is 
method is an exodlent one, but if the material be of a hard 
rooky nature it adds to the cost to go over the ground a 
second time, and the plan should not be adopted unless 
large volumes of water are likely to be met with. 

The headings on the rise were driven to the proper 
gradient, and consequently no footridding was required, 
beyond clearing away all projecting ledges to make ready 
for the brick pavement. 

The headings were driven square, except that the upper 
angles were left full to conform with the arching of the 
brickwork, and proceeded at the rate of 47 yards per week, 
working night and day with 6i men. 
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The temperatnro of the headings remained pretty constant, 
ranging between 54° and 55° of heat, at a distance of 300 
yards away from the bottom of the shafts or open ends. 
At the bottom of the shafts the temperature generally stood 
at 52°, except directly after the winding of water when the 
thermometer fell to 50°, the spray from the falling water 
out of the barrel thus oooling the atmosphere of the shaft 3*. 

The temperature of the hard shaley material forming the 
sides of the headings registered 53°, at a depth of two feet, 
after allowing the thermometer to remain in the hole 48 
hours, sealed air tight with a clay cork. The hole was 
drilled 10 yatds away from the face where the men were 
working, the temperature registering 55°, and at the eorface 
of the shaft 52°, July 4th, 1879. Two men were at work, 
and three candles burning at the time these observations 
were recorded. The hole in which the thermometer waa 
placed was perfectly dry, and was about 200 feet below the 
surface of the ground. 

Ventilation. 

Three modes of ventilatitm were introduced. Where the 
atmospheric air had to be sent down the shafts and distri- 
buted in horizontal pipes fixed at right angles to the vertical 
pipe placed in the shafts, fans 3 feet in diameter were 
employed and worked outside the engine house by a donkey 
engine. At one of the open ends an 18-iiich hand fan was 
worked. At the other open end a furnace and brattice wall, 
4^ inches thick, were introduced. I purpose speaking on 
each of these three methods of ventilation. 

A fan worked by manual labour is an extremely unsatis- 
factory way of ventilating tunnel headings for more than a 
short distance from the entrance owiog to the slow speed at 
which the fan revolves and the difficulty of keeping up a 
uniform speed. The volume of air sent up the workings 
is sufficient for breathing purposes for the men but not 
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sofficimit to disapate the powder smoke after blasting, and 
the men had always to wait some time after firing, except 
imder very favourable atmospheric conditions, before they 
could return to their labour. 

The air pipes cannot be carried nearer than 15 or 20 
yards from the face where the men are at work owing to 
the danger of breaking them by the shattered fragnient« of 
rock each time of blasting. The face, however, may be 
cleared of smoke in about 20 minutes, but it rarely happens 
that the entire length of the heading oan be cleared between 
the times of firing bo that the waggoner has to breathe fool 
air while travelling in and out of the workings folly three- 
fifths of his time, in a run of 250 to 300 yards. Although 
objectionable, I do not leani that powder smoke is par- 
ticularly unhealthy, but the men working in it look pale 
and oppressed. When the workings cannot be cleared of 
powder smoke it is extremely difficult to work the under- 
ground lines for centres, except on Sundays after the men 
have ceased work for about 12 hours. The state of the 
atmosphere sometimes rendered the ventilation of the head- 
ings very difficult even after the junctiona were effected. 
For hours the powder smoke lingered in the workings like a 
dense clood, sometimes rising to the ceiling and at other 
times descending to the floor and oscillating between shaft 
and shaft, the balance of the atmosphere being so even that 
the fumes could not escape to the surface until some di»- 
turbing element intervened. It is extremely diat^reeable 
for the workmen on each occasionB and makes them languid 
and impairs their appetite for food. 

I designed a very simple apparatns which acted admirably 
as a ventilator in moderately strong wind, and dispensed 
with the fan for the time being; in fact it sent up the 
workings a greater volume of air than the iaa waa capable 
of doing, and needed no attention beyond opening and 
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doaiiLg a Talve at th« bottom. Th« small model will illus- 
trate this apparatus. 

With regard to the fans worked by steam, they acted 
admirably in freeing the face of emoke after blasting, but 
the ourrent of air was insufficient to free the heading between 
the face and the shafts, and frequently for hours together it 
was impossible to see in advance more than four or five 
jrards, and on some days, when the atmosphere at the surface 
was heavy, the ventilation seemed to depend as much on the 
waggons passing in and out of the tunnel as on the fans, and 
it was no nnfrequent circumstance for a waggon to arrive at 
the surface of the shaft reeking with powder fumes. 

These facts appear to me to prove that for a system of 
ventilation to be efi'eetive in a tunnel, say beyond liOO yards 
away from the shaft, the air pipes must be made to give out 
jets of air at intervals of about six yarda apart. 

The present system of sending eiU the air to the face 
seems faulty. Wben the current is too strong it blows the 
lights out and starves the men, consequently the fans have 
to be slkckened in speed, and thus ventilation suffers. 

So far as I was able to judge of the ventilation in Fiethome 
tunnel I think the furnace succeeded best; but whether it 
would succeed as well on a larger scale I have had no means 
of ascertaining. 

If the furnace has a good draft, and be kept steadily 
burning, it appears to purify the atmosphere in the workings 
more satisfactorily than fans, and a more steady system of 
ventilation is kept up. 

The fumes after blasting are not driven away from the 
working face quite as soon as with a fan, but the air seems 
to travel more regularly, and frees the workings of foul 
gases from end to end more effectually. 

Some collieries ventilate by means of a fan formed to suck 
or draw out the foul air from the mines. 
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Air extracted in this way woviA immediately be replnced 
by a ourrent of atmospberic air ruabing ap the tmrnol 
from tbe abaft, as a raoaum under Bucb conditions could 
not exist. 

Tbifl mode of ventillaticai seems well eoited for tmmel 
pnrpoeee, inasmncb as tbe foul air is removed at onoe without 
being allowed to travel along the tramways to escape up the 
shaft or out at tbe open end. But I have had no expenence 
in ventilation of this kind, and therefore cannot speak of its 
practical uses in tunnelling. The principle is a good one, 
and if I am ever again called upon to drive a tunnel I 
should recommend the adoption of such a plan. 

The bricks used in building the brattice wall and furnace 
can be afterwards used in the tunnel arching, so that the 
expense incurred is in building the walls, and the consump- 
tion of coal, which will not amount to more than a ton or 
tonrand-half lq a week, and tbe waggoner can attend to the 
furnace as he passes in and out. 

T^e brattice wall takes up a little room, but it can be 
reduced to a small rectangular drain the last 100 yards or 
more, which materially simpUfiee the process. 

I see no reason why all tunnel entrances should not be 
ventilated by fumaoes as described. 

The system is not so easy of introduction at the sha^ 
but motive power is generally at hand at such places to 
work fans. 

Rasging the Centre Lines. 

To transfer tbe centre line from tbe surface of the ground 
to the bottom of the shaft correctly requires great care, and 
to keep the centre line when so transferred is even more 
tedious. 

Tbe plan of producing the centre at the bottimi of Fie- 
thome Tunnel was that recommended by Simms in his book 
on " Practical Tunnelling," and is remarkably correct, when 
his instructitma are carefully carried out. 
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The plan conaifita in etretobin^ a thin cord as far as 
poBsible along the centre line of the tunnel, the extreme 
ends of which are detenoined by the two Tertical lines 
dropped down the shaft, and thns proceeding from shaft to 
shaft, and entrance to entrance, care being taken always to 
have the horizontal line on the same side of the plnmb lines. 

Two {dumb lines will be sufficient to 6x a third and fourth 
point in the centre line, and so on to the end. 

In this way the Piethome Tunnel was worked, and 
although 1412 yards in length and 4ft. in width, it can be 
distinctly serai through. This operation may be best 
illustrated by the modeL 

Brick Setting. 

When all the headings were cut through, six sets of brick- 
settera were employed. Two gangs started in the middle of 
each of the three sections of the tunnel, formed by the two 
shafts and open ends, and worked away from each other. 
Two brickaetters and two labourers were required to finish 
two yards of arching each shift of nine hours. 

The section of the tunnel is 4ft. 6in. by 4ft., as per model, 
and contains 487 bricks in a lineal yard. 

The inlet of the tunnel is S95ft 3in. above the sea, and 
the outlet is 887ft. 3in., giving a fall of 8ft,, or IJin. per 
chain of 22 yards. 

The iron centres used for arching are shown on the 
drawing. They acted admirably, and are portable, and 
easily set up and pulled down. Each gang of brickaetters 
had a duplicate set, so that the last centre-frame always 
remained fixed tmtil a second length of arching was turned. 
Geology of tkb Tcnnel. 

The nature of the geological strata cut through calls for 
no particular remark. 

The measures belong to the lower carboniferous series, and 
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mainly conaist of ehales at the two open ends, with gr^ 
fiesile rook in the middle. 

The shales, more partiovdarly than the bard rock, are 
characterised by numerous partings which cross the heading 
at right angles in some instances, and obliquely in othen. 
NooB of these were vertical, but all danting slightly from 
the horizon. 

Sometimes it happened, where the partings ocoorred, 
small streams of water found vent into the tunnel, and the 
partings were generally filled with soft earthy material. 

The shales were remarkably free of f oseile, but oocastonally 
scales of fish were found along with fossil ferns, Septaria 
nodules, and ironstone nodules, charged with iron pyrites, 
and crystals of carbonate of lime in the centre. 

On exposure to the atmosphere the shales soon perish, 
being extremely friable and carbonaceous. The water given 
out in the workings contains a small percentage of an 
hydrate of iron, which precipitates red fibrous threads on 
flowing over a shallow surface. 

The rock is hard and silicious, and massive in places, and 
remarkable for the amount of iron pyrites the finely divided 
joints contain, none of which, however, was found in the 
beds. 

Occasionally traces of sedgy matter were found imprinted 
in the rock; but I never saw a well defined fossil plant in 
aU my searchings. 

The inclination of the beds, where continuous, is very 
slight, inclining at the most not more than 1 in 6. The 
whole series from end to end are very much broken up and 
disturbed, especially the length between Marsh Bottom and 
the first shaft, some of the strata of whioh are tilted over 
and contorted. 

Three thin seams of coal were met with, as indicated on 
the geological seotion ; in fact ooal was pierced in five 
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places, including the sinking of the aliafts, but it is probable 
that only two eeams exist, both of which are of an inferior 
quality and bum with a dull red, and are very sulphuronB. 

The seam of coal nearest Mar^ Bottom did not appear to 
have the usually well defined fioor clay, but it is probable 
that if it exists it is rotten owing to its piozimity to the 
Burface and being acted on by surface percolation. 

The next seam is about 120 yards from the first shaft, in 
the direction of Marsh Bottom entrance. The floor clay was 
present in this instance, butit was very soft and shaken, the 
overlaying coal being of a lustrous character and much 
fractured, and appeared as if its component parts had been 
terribly broken up since dqmsition and hardening. 

The coal represented in each of the geological sections of 
the shafts belongs, I believe, to the same seam, and is some- 
what thicker than the other seam or seams met with beneath. 

The underclay is o{ a soft sandy character, light brown in 
colour, and contains a few stigmaria ficoides, ill preserved. 

The remaining seam to be described exists about 300 yards 
from Hanging Lees entrance, and dips towards Piethome 
Valley at an inclination of about one in six, as before 
stated. 

It measures about ten inches in thickness, and is of an 
inferior quality, and is supported by a hard fire clay floor. 

!N'one of the coal seams met with in tbe tunnel excavations 
possess any industrial value, so that there is no fear of 
them being worked in tbe future owing to the very inferior 
quality of the coal and thinness of the seams. 

I must confess my inability to correlate those coal seams 
satisfactorily to myself. Professor Hull refers to them in 
his " Memoirs of the Geological Survey of the country 
around Oldham," and from his descriptions I infer that they 
belong to his "First Coal Series," But the roof of each 
seam, although black and carbonaceous, has not yielded, so 
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£ar S9 taj observationa go, one eingle Aviculopeoton or 
Goniatite, so numeroos in a brook section at Binns, on the 
opposite side of the valley. 

A fair quantity of gannister rook was removed from that 
part of the tunnel between the tiro shafts, but no wdl 
defined coal seam was met with, and as I only examined the 
"tips" occasionally, I cannot say positively whereabouts the 
gannister was found to a few yards, but it was quite full of 
stigmaria ficoides, but, unlike most gannister of the neigh- 
bourhood, it was arenaceous and friable, and soon crumbled 
to powder on exposure. 

Taken as a whole the different strata are much disturbed 
from their natural position, and occasionally the dip was 
found reversed. 

If I may venture an opinion, I believe the different coal 
beds here alluded to belong to the " First Coal" series found 
immediately above the Millstone Grit, as described by 
Professor Hull in his "Memoirs of the Geological Survey," 
page 16. 

The shales in places contained really good specimens of 
" slickensides," with shining surfaces as smooth as glass. 

Fine parallel scratches are observable on some of the 
specimens, indicating the direction of the movement which 
has polished them. 

The planes of stratification are polished only, and not the 
joints, as one sometimes sees in hard gritty rocks. 

Worm tracts are numerous in a bed of grey rocks existing 
between No. 2 shaft and Piethome Valley ; so numerous, 
indeed, are the worm borings that the horizontal layers of 
sand are exhibited thrown up on each side of the boring 
that a transverse section presents the appearance of having 
been deposited by rippling water. 
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In reply to some obfierrationB by Mr. Penman aa to tho 
efficiency of the means adopted for ventilation, 

Mr. Waits said that the apparatus of a cowl at the top of 
air pipes, which he had deacribed, was believed to be, and, 
in fact, the workmen found it to be, the most effective when 
there was a strong cnrrent of wind. 

Mr. Mabtin said that judging from the effects of the 
powder smoke upon the workmen, as described by Mr. Watts, 
he should say that it coold not be considered otherwise than 
unhealthy. When the men " looked pale and depressed, and 
felt disinclined for their food," in consequence of the state 
of the ventilation, he thought there could be no question 
that the case was, in the words of the Mines Kegulatiou Act, 
one of inadequate ventilation. It was too frequently the 
case in driving tunnels, where ventilation was not ao 
imperatively insisted upon as it was in mines, that men 
were allowed to work in places ill ventilated, those interested 
in carrying out the work forgetting the indirect cost it 
entailed, as the amount of work men could do was not 
equal to what it would be if the air was kept fresh and 
clear from powder smoke or unhealthy exhalations. 
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TRANSACTIONS 
MANCHESTER GEOLOGICAL SOCIETY. 

Pabt XTII. Vol. XV. SMaroif 1879-80. 

At the Okdinabt Mebting of the Membera of Qm 
Society, held on Tuesday, the 25th day of May, in 
the Literary and PhQosophical Society's Booms, George 
Street, Mancheater ; 

Joseph Dickinson, Esq., F.Q-.8., Yioe-Fresident, 
in the Chair. 
Dr. Duncan, of Tyldesley, was elected an ordinary 
member. 

CRESWELL CAVE. 
DISCOVERT OF THE MACHAIRODUS TOOTH. 



Mr. Heath and Mr. Plant read notes alleging the dieooTery 
of the above named tooth to have been the result of a hoax 
or fraud. Professor Dawkins and the Rer. Mr. Hello 
replied and denied the allegations. 

Mr. Mark Stirrup also took part in the disonssioQ. 



THE FORMATION OF ROOK BASINa 
By J. D. Kendall, C.E., F.G.S. 



Professor Ramsay, in his paper on "G-Iacial origin of 
Lakes," published in Vol. 18, part 3, of the Quarterly 
Journal of the Geological Society, shows, I think, very 

1 B 
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clearly that lakes which oooupy rook basms, sncli as we 
know in Switzerland and our own country, do not inTariaUy 
lie eithw in simple synclinal troughs or along lines of 
dislocation, and that they do not oocnpy either areas of 
special subsidence or hollows produced by ware action or 
weathering. But I do not think Profeesor Ramsay's 
remarks on river action are quite so satisfactory. They are 
as followB : " running water may scoop out sloping vaUey 
or gorge, but, excepting little swallow holes, it cannot form 
and deepen a profound hollow, so as to leave a rocky barrier 
all round." With all deferenoe to Professor Bamsay'B great 
experience, I believe that circumstances may arise in the 
natural order of things when this assertion of his would he 
quite incorrect. Further on, an attempt will be made to 
show this, in the meantime it may not be uninteresting to 
notice one or two of the difficulties which appear to stand in 
the way of Professor Ramsay's explanation of the origin of 
rock basins by glacial erosion. 

In the first place, I fail to see why the erosive action of 
the old glaciers should have been greater at the particular 
places where we find rock basins than at other parte of their 
courses. If these basins always occurred in the softest 
strata, then Professor Ramaay'a explanation, so far as I can 
judge, would be much more probable, but, seeing that we 
sometimes find a basin formed in rocks of equal, or again of 
very different degrees of hardness, it seems to me that some 
other agent than ice was necessary to initate, if not to fnlly 
^oavate the rocky receptacles of our lakes and tarns. 

Fig. 1 is a rough and much exaggerated section' of a rock 
basin in the bottom of a valley, similar to those that hold 
the waters of the English and Scotch lakes. 

What there is in the nature of glacier action to produce 
a hollow, such as the above, a be, in rooks that are of equal 
hardness to those all round that hollow, I cannot understand, 
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jet we know by common observation that rook basins liave, 
in Bome way or other, mostly been formed by the removal of 
rocks equally as hard as those that remain along their aides. 
Clearly, this could only have resulted from a locally 
increased erosire aotion, but how was that increased action 
produced? Professor Bamsay, in the paper already alluded 
to, says that " sometimes in the oonvolutions of the strata 
(conjoined with pre-glacial denudation subsequent to the 
contortion of the beds) softer parts of the country may 
have been scooped out, leaving a hollow surrounded 
by a framework of harder rock ; but, perhaps, more 
generally they were formed by the greater thickness 
and weight, and, consequently, proportionally greater 
grinding pressure of glacial ice on particular areas due 
to accidents to which it is now often diflSoult or im- 
possible to find the clue." The first part of this suggest- 
ion is clearly inapplicable to the case under consider- 
ation, as rocks of equal hardness to those remaining 
are supposed to have been removed. The onus must, 
therefore, fall upon the second part of Professor Ramsay's 
explanation. In Fig. 1, a glacier is represented as moving 
over a rock basin in the bottom of a valley. Immediately over 
the centre of a basin the ice, b b', it will be observed, ia much 
thicker than it is at either end of that basin, as for instance, 
at a a* or c c'. But that being so, does it follow, as suggested 
by Professor Bamsay, that its erosive action would be 
greater at the former point than at either of the latter points, 
I think not. It is clear that where the ice is thickest, other 
things being equal, its motion must be least, as is the 
case with rivers. Moreover, we know that erosion is an 
effect of mass in motion. Mass at rest and motion without 
weight (if such a thing as the latter were conceivable), must 
both be incapable of erosive action. Again, it is evident that 
relatively the measure of the wasting away (erosively) of one 
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body by another is the friction that ia produced by their 
movement on one another. Now friction is proportional 
to the pressure or weight, so that if one part of a glacier be 
twice as thick as another part, the friction at the former 
place will be double that at the latter, that is to say, if the 
thickness, b h' were double o c' or a a', the friction at b would 
be double that at c or a. This statement is, however, 
modified when we take into consideration the width of the 
glacier. If we suppose^'it to be of the tame mdth throughout, 
its velocity at any point will be inversely as the thickness, 
in other words, it will move twice as quickly at c or <i as it 
will at b (if all the ice at each part of the glacier be in 
motion), eo that twice the quantity of ice will come into 
contact with any given area of the glaoier bed at c or a that 
there will at b. To put it differently, the ice at c or <i 
being only half the thickncsB that it is at b, the pressure at 
the former points will be but half of what it ia at the latter- 
But the velocity of the ice at c or a being double that at b, 
the friction at the former points is continued, so to speak, 
through double the distance that it is at the latter, so that 
really the friction at the three places is equal. That being 
80, it follows that the erosive action of the glacier a could 
not possibly have given rise to the rock baain » i c, if the 
valley in which it occurs be of equal width throughout. 

Again, if we suppose the valley (and consequently the 
glacier) at c c' or a a to be narrower than at b b' the velocity 
of the ice over c or a would be still further increased is 
relation to that moving over b, so that the friction at c or a 
would be greater than that at d in a proportion inversely 
as the widths of the glacier at the respective points. A 
rock basin could not, therefore, be formed at ab c even on 
this supposition. 

"Were the valley mder at aa' or c c' than b b', the velocity 
of the ice over a or c would be reduced, and would equal 
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tliat moving over b when the vidth of the valley at the 
former points was to that at the latter in the ratio of two to 
one. The friction at h would then be double that at a or c, 
and generally it would be inversely proportional to the 
widths at the two places. We, therefore, aee that the 
friction at h can only exceed that at c, and consequently at a, 
when the width of the valley at i is less than it is at either 
a or c, so that the deepest part of a rock basin formed by 
glacier erosion shotild be at the narrowest part of the ralley, 
between the upper and lower ends of the basin, that is, at 
the narrowest part of the valley in Fig. 1, between a and c. 
But this does not correspond with the facts of observation. 
On the contrary, it is directly opposed to them, so that it 
seems perfectly safe do oonolode that rock basins were not 
formed by glacier erosion. Besides, I have never yet seen 
it explained how these basins began to be formed by glacier 
erosion ; for until a basin had been formed, there would be 
no difference in the thickness of the ice at a*, b\ or c' (Fig. 1), 
so that there would be no difference of pressure and there- 
fore no difference of erosive action. In this connection let 
us look at Ullswater for a short time. Fig. 3 is a 
plan of that lake, showing the depths at various points, 
in fathoms, from which it is seen that the lake con- 
siste of two basins, as shown in an exaggerated manner in 
Fig. 3, which is a diagrammatic section along the centre of 
the lake. From this section it is clear that a glacier passing 
down the valley now, over the site of the lake, would be 
much thicker over the deepest part of each basin (if the 
water were removed, that is, if the ice followed the rock,) 
than it would be over the ridge separating the two basins, 
but that would not be so before the basins were formed, as 
is indicated by the dotted lines a b and c d. Now the ridge 
between the basins is not formed of a harder rock than that 
aronnd them, and, therefore, on the hypothesis of jflaoier 
erosion, this ridge should not haTe existed. 
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Let me now proceed to the more immediate object of (Ilia 
oommimioatioii. A. little over two years ago, when rambling 
among the southern uplands of Scotland, I came upon a 
Heotion which at the time suggested an explanation of rook 
baainB that, so far as I am aware, has not previoualy been 
ofiered, but which eeems to be Tcry much more in agreemsnt 
with facta than that of glacier erosion. The section referred 
to is given below, in Fig. 4, and may be seen in Selcoth 
Bum, a small stream which joins the Mo&tt Water about 
four miles east of the town of MofEatt. 

In this section there are a number of rock basina that 
evidently have been formed by the action of the water in 
the Bum, the main current of which follows the line indi- 
cated by the arrows, as waa easily seen on throwing any 
substance into it of nearly the same specific gravity ae the 
water. A. pieoe of wet wood, for inatance, thrown into the 
uppermost basin was carried down the stream nearly along 
the bottom, appearing at the surface only ae it passed from 
one pool to another. 

^ow, were it possible to get a sufficiently large body of 
water with a sufficient fall, there appears to me no reason 
whatever why, in this way, rock basins might not be pro- 
duced large enough to hold any of the Scotch or English, or 
even Swiss lakes; for each of the pools in the above figure may 
be looked upon as a small lake, and it seems to me that we 
only require the same conditions as those indicated above, 
but on a larger scale, to produce a larger result. But where 
can such conditions be found ? Do they or did they ever 
anywhere exist P It seems to me that they must have pre- 
vailed, more or less, at some time or other, in all glaciated 
countries. At the present time they are found in those 
immense rivers described by Professor Nordenskjold as 
flowing over the icefields of Qreenland, and at places rushing 
down orsvasses to unascertained d^tlis below. He tells, in 
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Vol. 9, Q^ogical Magazine, that he and his oompanions 
" saw, at some distanoe from them, a well-defined pillar of 
mist, whioh, when they approaohed it, appeared to rise from 
a bottomless abyss into whioh a mighty glacier-river fell. 
The vast, roaring water-mass had bored for itsell a vertical 
hole, probably all the way down to the rook, situated cer- 
tainly more than 2000 feet beneath, on which the glacier 
rested." The denuding effect of these falling waters must 
be something enormous, in fact, powerful enough, judging 
from what has been done in Selcoth Bum, to produce in the 
rooks below hollows as large as our largest lake basins, and 
I am very much inclined to think that in that way most rook 
basins have been produoedfjandnot by glaciererosion. Takethe 
Bnglish Lake country as an example. During " the great 
ice age " that district was covered by a considerable thick- 
ness of ice, in some places over 1200 feet, and, doubtless, 
along that ice, at certain seasons of the year, immense rivers 
of water would flow, as they do now in Greenland, and, on 
a smaller scale, in the Alps. Now, these rivers would 
almost certainly, at one part or other of their course, be 
engulfed in some of the many yawning crevasses whioh it is 
reasonable to suppose would exist in the ice then, aa now. 
Down these crevasses the water would rush impetuously, 
gaining energy as it fell, until at length it came in contact 
with the rocks below, on which its denuding effect would be 
somewhat similar to that of the falling water in Selcoth 
Bum, only the body of water and the height through which 
it fell being greater in the former than in the latter case, 
its action on the underlying rocks would be more severe, 
and, consequently, a larger rook basin would be produced. 
An ideal section, illustrative of this suggestion, is given 
below in Fig. 5. 

The greatest depth of Wastwater — the de«^>e8t of the 
English lakes — being about 260 feet, it may seem incredible 
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diat sooh a body of water could be set in motion along the 
bottom like the vater in Selooth Bum; bat the height 
through which the auper-glaoial stream would fall must not 
be forgotten. It has been shown by the late Mr. J. 0. Ward 
ihat the thickness of the glacier which passed down Wastdale, 
over Wastwater, muat have been about 1500 feet, measured 
£rom the present surfaoe of the lake. The falling water 
would, therefore, accumulate energy due to a more or leas 
interrupted descent of 1500 feet before coming into colliaion 
with the waters of the lake, asaaming, ot course, what ia 
^ctremely probable, that then, as now, the basin would be 
full of water. Surely this accumulated energy would be 
sufficient to set the 350 feet of standing water in motion, 
even to the bottom, for the water of Selcoth Bum has in 
some places only a fall of 2 feet, yet tt can set in motion to 
the bottom, pools that are over 6 feet deep. Again, it may 
seem equally incredible that a falling river could excavate a 
basin BO much wider than it must hare been itself. But in 
Selooth Bum we have direct proof that such a thing is poa* 
sible, for at the falling points a' a" a"' the stream is very 
much narrower than it is at b' &" If, in one case less than a 
tenth. 

As the glacier shown in the ideal section above moved along 
its bed, the crevasse down which it is su|^>ofied the river fell 
would move also along with it, so that the point at which 
the descending waters struck the rocks below would not he 
stationary, it might be thought, as it is at Selooth Bum, 
but would move forward with the glacier. The formation 
of crevasses at or about a particular point, owing to some 
change in the configuration of the valley down which the 
glacier moved, would, however, confine the falling action of 
the engulphod water to a certain part of the glacier bed, for 
the latest formed crevasse being farthest up the glacier 
would always intercept the euper-glaoial stream or river. 



Dcillizedoy Google 



87* 

It thufl appears that if rock basins have been formed in 
this way there should be an intimate connection or relation 
between their position and the form of the valley in which 
they lie. By way of testing the accuracy of the explanation 
proposed, lot us see if this inference corresponds with fact. 
For this purpose Fig. 6 has been prepared. It shows most 
of the English lakes as they are at present, and also those 
parts of them which have been filled up by alluvium. 
Taking the original extent of the basins it will be observed 
that at the head of every one of them the valleys in which 
they lie send out branches in two or more directions, as 
shown by the contour lines. Beginning with Wastwater, 
it will be seen that at the head of the original lake — that is, 
at the upper end of the alluvial tract which extends north- 
wards from the head of the present lake — the valley divides 
into two branches, one running towards Soawfell, the other 
towards Ennerdale, At the head of Buttermere and Crum- 
mook — ^for they may be looked upon as one, and doubtless 
were one origirdlly— we find the same sort of thing, and so 
we do, in fact, at the head of most of the other lakes, as well 
as at the upper end of those alluvial flats — apart from lakes 
or tarns — which occur here and there in the valley bottoms 
of the lake district, and which at one time were no doubt so 
many sheets of water. The head of each lake originally was, 
therefore, just where, in glacial times, two or more glaciers 
would unite, and, consequently, where crevasses would be 
produced continoaUy. Fig. 7 will illustrate this. 

It is well known that glaciers, like rivers, move slower at 
the sides than at the centre. The velocity of the glaciers 
A and B, Fig. 7, would therefore be less along a 5 and c b 
than along a' f>' and c' J'. But the side ice a b and e b, after 
union at b, passes on to b', where its velocity is ccaisiderably 
increased. It is clear, therefore, that between b and b' a 
number of crevasses would be constantly forming, so as to 
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allow the side ice to increase ita velocity to equal that of the 
oentnil ice. These crevasses Tould Erwallow up nearly all 
streams coming from the higher ends of the glaciers A and 
B, and the efieot of this falling water on the rocks helow 
wotild be the formation in them of a basin, the head of 
which would be a little bdon b'. Similar crevasses would 
also be formed where other branch valleys joined the. main 
one, ae, for instance, at the side valley branching oat 
opposite the centre of Waatwater, or &at between the lakes 
t^ OrunuDook and Buttermere. Such crevasses would swallow 
up any super-glacial streams they intercepted, and these 
would help to form the rock basin below as much, perhaps, 
aa the water which fell through the crevasBes at the upper 
end of any basin. In this way I would explain the lower 
basin of Windermere (Fig. 8). Crevasses being produced at 
the south end of Claife Heights by the union of the Esth- 
waite glacier with that coming down from Ambleside, water 
would rush down through them and form this lower basin, 
or, at any rate, help to form it, for no doubt several such 
streams, although of less importance, would pass through 
the glacier between the Perry and Lakeside. The lower 
basin of Ullswater may also be explained in the same way, 
for on referring to Fig. 2 it will be found that at the head 
of this basin a large branch valley, oomiog down from The 
Nab, enters the main one from Fatterdale. At the junction, 
crevasses would be formed in the glaciers, and those crevasses 
would swallow up the water thawed from the upper parts of 
the icefield, which would initiate and continue to deepen 
the lower rock, basin which commences at the point where 
the two valleys unite. The second basins spoken of by Mr. 
James Geikie (in his G-reat Ice Age), as occurring below 
"narrows," may also be explained in this way, tributaiy 
valleys coming in at the head oi the second or lower basin. 
The existence of islands in lakes presents no difficulty to 
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this explanation, whilst the fact that the deepest part of the 
basiue is near their u|^r end, or opposite a secondary 
valley, might have been predicted. We are also enabled bj 
it to understand the curious holes which are sometimes found 
in the bottom of lakes, like large pot-holes. 

The numerous tama occupying rook basins may also be 
explained in this way. As a role these small sheets of water 
are found at considerable altitudes, and not far from the 
water shed. Fig. 9 is a sketch section of Qoats Water, on 
on the side of Ckmiston Old Man, and it may be fairly taken 
as typioaL 

A glaeier, after coming down from the higher ground 
about the Old Man and arriving at A, would move off partly 
down Seathwaite Talley and partly through the comb holding 
Ooats Water. This movement of the glader in nearly oppo- 
site directions would produce crevasses in it on each side of 
the water shed. Down these orevasses water would almost 
certainly be carried, and on one side of the water shed form 
the rook baain holding Goats Water, and on the other side 
assiat in the formatioQ of Seathwaite Tarn, which is a little 
lower down Seathwaite Valley than where the section is 
taken. 

In some cases tarns occur nearly on the water shed, a 
position where we would expect to find them if the explana- 
tion I am now offering be correct, but certainly not one in 
which we should look for them if we supposed them to be 
the result of glacier erosion. 



Mr. Db Rancb said he would rather have not opened the 
discussion upon the subject of the paper, because it was really 
on attack upon the opinions of his chief (Prof. Ramsay) : 
at the same time, that was a reason why he should not 
altogether remain silent. Mr. £endaU's theory was an 
exceedingly ingenious one, and the author appeared to 
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have spent a good deal of time and taken much trouble in 
working it out ; still, as far as it affected himself (Mr. De 
Ranee) he entirely disagreed with it. He agreed with Mr. 
Eondall that there might be certain difficulties in the apph- 
oation of Prof. Ramsay's theory ; but the difficulties were 
still greater in the theory which Mr. Kendall proposed to 
put in its place. They found, at the present time, in the 
central position of the Lake district, a distinctly rotate 
arrangement of waterflow, — water was flowing in nearly 
all directions, — and when they examined a map on which 
were traced (as on the map of the Ambleside and neighbouring 
districts, prepared by the late Rev. Clifton Ward and him- 
self,) the lines representing the old ice-flow, there was 
exactly the same arrangement, and wherever obstruction 
was offered a rock-basin is found behind it. 

One of Mr. Kendall's difficulties lay in the fact that in cer- 
tain cases which he presented, the diagrams were not drawn to 
true scale. When they came to draw the rook basins of the Lake 
district to true scale, they saw at once — (taking, for instance, 
the case of tJUswater,) — that so far from presenting a deep 
gorge on a six inch scale, the depth was comparatively 
inappreciable. Prof. Ramsay never professed to say that 
the valley in which Windermere or any of the lakes was 
situated was formed by ice : he merely said that that portion of 
the valley which lay beneath the water level, — beneath the 
level at which the water flowed away from the lake at the 
present time was so formed. All they had to account for 
was not the depth of the Windermere valley, — 2000 to 
3000 feet,— but the 234 feet below the water level. At the 
place where two glaciers met, according to Mr. Kendall, the 
central ice would be very much crevassed, and a great pot-hote 
would be formed. If that was so, they would expect to find 
that pot-hole at the top of the lake. But it was not there ; 
for the deepest part of Lake Windermere was neither at 
the top nor at the midiHe of the lake, but at the aide, just 
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opposite Wray Castle. When tbej examined suoli rock-basins 
as Rydal tai Gbasmere lakes they found that the water had 
cut a passage at the foot of each by which it escaped, and 
that the rdckes montonnies at the foot of the kkes were all 
scratched and scored, pointing to the flow of ice being arrested, 
and a passage scooped out in the manner suggested by Prof. 
Ramsay. The Professor seemed to him to have an excellent 
argument in the fact that if you esamine the map of any 
glaciated country in the world there you always find lake 
basins. Mr. Eendall might of course say that there was ice 
in which were formed crevasses, and that through these water 
flowed, forming hollows. 

Mr. Kendall referred to Greenland. The great difiBoulty as 
to G-reenland was that, according to the information we pos- 
sess, there are no hills and valleys under the ice at all. If 
they drew a section through Greenland they had a certain 
rocky territory on the east and a certain rocky territory on 
the west of the country, and between the two was a great 
dome of ice ; but as far as anyone knew — and Prof. Norden- 
skjold himself thought so — there was a great flat at, or it 
might possibly be below the sea level, beneath that dome 
of ioe. Water falling through crevasses in the interior 
escaped from the base of the ice, which filled up the 
gorges betwixt the rocky islets and the edges at the 
circumference; in fact you may compare Greenland to 
two gigantic saucers, one at the bottom representing rook ; 
the other at the top representing ice. The water which 
escapes at the edges is full of detritus, and makes the great 
shoals that form at the entrance to aU the bays of Western 
Greenland. It is not known that, in Greenland, rivers 
are running under the ice ttaA making valleys, and any 
theory to account for the origin of rock-basins, must not 
merely explain the formation of the small lakes of Britain, 
but the far larger lakes of Italy and Switzerland. 

Mr. AiTKEN said that Mr. De .Ranee had had so great 
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experieoce in the Lake district, and be spoke Tith such 
aathori^, that little needed to be added to vhat he had 
Baid. But one idea Btmck him (Mr. Aitken) during the 
reading of the paper which it might not be out of place to 
mention, namely, that if rook basins began to be fonaed aa 
pot-holes under where orerasscs were geuerally tonued, 
these crevasseB would be filled at the bottom with a very 
considerable depth of water — the depth to which the pot- 
bole had been sunk. It seemed to him that that wonld 
prevent any erosive action of the water which subsequently 
might fall at the same place. Water in aafficient volume 
would not exist, and even though it did there would be an 
absence from it of that material which did the filing away of 
rooks and cutting of river courses under other oiroumstances ; 
consequently it appeared to him, that after a small pot-hole 
bad been formed and had become filled with water, the other 
water falling in could not have the effect which Mr. Kendall 
ascribed to it. There was another difficulty : if the crevaasra 
were formed by two streams of ice, as described, the pot-hole 
would be confined to the particular place of meeting. Bat 
in the case of Windermere — ^not to speak of the htrger lakes 
in Switzerland — there would be required a continual motion 
of those orevasses to allow the erosive aotion to take place 
over an extended area. He could not understand how, on that 
principle, Windermere could have been formed — a lake 13 
miles long and of considerable depth for a great portion of the 
distance — bo that it woidd therefore appear that Mr. Kendall's 
theory was no improvement on that of Prof. Ramsay — 
although, as Mr. Dc Ranee had stated, every geologist must 
admit that the question was beset with difficulties. On the 
whole, in bis (Mr. Aitken'e) judgment, Prof. Ramsay's 
view was preferable to that of Mr. Kendall. 

Mr. Plant said he had listened to Mr. Kendall's paper 
with attention, because, as had been stated, the subject 
was surrounded with difficulties. Wheneyer be visited tie 
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Lake Districte, lie endeavoured to form for himself on 
ideal of what theae mast have been at the time when 
the glaciers were scoitring out the basins of the lakes — 
especially those of Wales, which were less extensive than 
the English lakes — but he had never been able to be quite 
satisfied with Prof. Ramsay's theory, or even his illustra- 
tions, as quite sufficient to account for the origin of these 
takes. He had listoned to Mr. Kendall's remarks with 
considerable interest, but he was not inclined to think that 
that gentleman had' bridged over the difficulty, or that he 
had added anything to what was previously known. His 
theory of waterfalls within the crevasses seemed certainly 
a novel one ; it was well known that water found its 
way down crevasses, and it must have the effect of washing 
out a great deal of the detritus which had accumulated at 
the bottom of the glaciers; but be {Mr. Plant) could not 
conceive that the water would have force sufficient to wear 
away and continue wearing away until it formed an elongated 
lake basin in the rocky Soor. The theoretical explanation 
of what might be in the interior of Greenland hardly 
applied in this case ; they wanted facts in geology 
wherever they could get them; and if Mr. Kendall could 
have given them an illustration where the action he 
described had undoubtedly taken place, he should have 
been inclined to regard it with considerably greater satis- 
faction than he did. 

The Chairman (Mr. Dickinson) said he was glad to see one 
gentleman, at least, who would come and give the Society a 
paper based upon sound reasonibg, showing that the glacial 
theory was not to be accepted without some debate ; and he 
was also pleased to find that both Mr. Aitken and Mr. PlsJit 
recognised the difficulties with which the glacial theory was 
surrounded. The arguments put forward by Mr. De Ranee 
were certainly very able and very strong, and, he thought, 
perhaps, such as Prof. Ramsay himself might have brought 
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forward in support of the theory ; but to hie (the Oh&ir- 
man'fl) mind, the glacial theory was baaed simply upon 
hypothesis — nothing more — and that there were no faets, 
nothing but a iew coincidenceB in its support. He would 
not say that Mr. Kendall's theory was free from similar 
hypotheses ; first, the depth of Windermere, alluded to by 
Mr. De Ranee — that was sufficient to set aside the possibility 
of a running stream. Where was it to run to, when it was 
100 feet below the level of the sea P That, to his mind, was 
an insuperable difficulty. Then, again, the radiate arrange- 
ment of the lake basins, spoken of by Mr. De Ranoe — ^that 
equally upset the likelihood of glaciers radiating out from 
one common centre on the mountain top. The sobjeot was, 
indeed, beset with difficulties. Who could tell but that 
a far too limited view was being taken of the cause and 
effect of the removal of the upper coating of the eart^ P 
They found thicknesses of many miles removed in places. 
Where has it gone to P He did not think they had before 
them yet any recognised geological theory which accounted 
for it. Many years ago, as some gentlemen might recollect, 
he brought before the Society a paper showing the possibility 
of the whole planetary system having been at one time 
united, and that the so-called " denudation " was where the 
original structure became divided, as each planet left and 
took its particular orbit. The idea was laughed at at the 
time, but it might be none the less true for all that. When 
he first advanced that ides it was not known that the earth 
and the planets were composed of the same materials. Since 
then that wonderful discovery of the spectrum analysis had 
shown that they do consist of the same materials, and until 
he found some better theory than either the glacial theory 
or that which Mr. Kendall had put forward, he should 
adhere to the view which he had held now for a quarter of 
a century. 
Mr. Kendall briefly replied to the several speakers. 
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TRAKSACTIONi' 
MANCHESTER GEOLOGICAL SOCIETY. 



At the Okdinast Msxtiko of the Members of the 
Society, held on Tuesday, the 29th day of June, in 
the Literary and PhiloBophioal Society's Booms, Oeorge 
Street, Manoheater ; 

John Aitkbw, Esq., Vioe-PreBident, 
in the Chair. 
Mr. Wtlliion OromptoD, Colliery Proprietor, Ince, near 
"Wigan, was elected an ordinary member. 



THE SINKING AT BAMFmiLONG COLLIERY. 



The Chaibham announced that the paper read at a 
former meeting by Mr. Walter Topping, on " Sinking at 
Bamfurlong Colliery," was now open for disoussioD. 

Mr. Perrin said that the chief point of interest in the 
HJTilring in question was the way in which the quicksands 
were got through. They presented the greatest engineering 
difficulties, and in this oa^e he considered they had been 
most successfully grappled with. 

Mr. ToFPiNQ said the lining of the Bamfurlong pits was 
efiected by means of wooden curbs: they had, since his 
paper was read, had to re-line them with an iron casing, at 
a cost of £100 to £500. 
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ON THE "SPAKK TUBE," OR INFLAMMABLE 

GAS INDICATOR. 

By Dr. Akoos Bhtth. 



In introdooing this instrument to the notice of the 
members, Dr. Angus Smith said : I hsve not thon^ht of 
initing a eeparate paper upon this subject, because, in my 
last annual report, under the Alkalies Act, where I generally 
apeak about gases of Tarious kinds, I gave an account of 
this tube ; and I at this time have only written a Tery small 
addition. I also gave a drawing of the tube : that, however, 
can be seen for itself here. (Dr. Smith exhiHted the tube 
to the meeting.) The idea is this: I dare say all the 
members know the old compression syringe, used to prove 
that when gases are highly and rapidly compressed they 
give out heat. For this purpose there is simply a cylinder, 
which may be either of glass or of brass, with a piston in it, 
pretty tight. At the bottom of the oylinder there is usually 
placed a piece of tinder, or some such thing, and by a simple 
blow with the hand, compressing the gases, heat is generated 
in sufficient quantity to ignite the tinder. It occurred to 
me, a long time ago, that this might be used for igniting 
the gases in mines ; but it was only very lately that I got 
an instnunent made for the porpose. We tried many 
tubes — of glass, for example, the ordinary compression tube 
which is sold for the purpose. I may aay there are two 
compression tubes sold, one of glass, the other of brass. 
We tried the brass one, with the gases of mines, and found 
that it was bulged out with a violent explosion, to a very 
great extent. We tried then the glass ones, which are 
made of very thick glass, and we found that they were 
broken very readily. It was found necessary, therefor^ to 
nse a somewhat different apparatus, so we simply made a 
cylinder of very thick brass, which would prevent anyUiing 
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of tlie kind. But, as it wu uecesmy to tee the explosion, 
glaae oould not be altogetlier dispensed with. By enlarging 
the base, room was made for a small cylinder of gloss, which 
was Bomewhat of the same diameter, but a UtUe larger, than 
the brass cylinder, so that the end of the piston might go 
down. But, in order to cause the cylinder to escape the 
glass more readily, it was made a little narrower at the 
extreme end. By using, then, simply the hand, a blow was 
given which compressed the gases and raised them to such a 
point of heat that, if they were explosive, they would take 
fire, and the e^losion would be seen through this little 
window. That is really the whole of the apparatus. We 
may imagine, then, a miner testing the air for gas: he 
would leave his lamp in a safe place and go forward, making 
trials, as often as might be necessary, with this apparatus ; 
on placing his lamp upon the floor in any working place, he 
might test tiie air about the roof, feeling safe that, if gas 
bappmed to be present, there oould be no explosion from the 
use of the tube, because the spark or flame produced is very 
small and entirely confined within the tube. The tube, 
however, required to be made excessively tight, and, in 
effecting this, we tried oil as a lubricant ; but this would 
not do, as the oil got ignited, and there was always an 
explosion with it. It was, therefore, necessary to use some 
other substance, and we have tried, hitherto, soap and water, 
which seems to do very well. We found, by this nLothod, 
that about five per cent, of gas, if mixed with air, could be 
detected. This was not a very delicate test, bo we proposed 
to increase the delicacy by adding a little platinnm black. 
This platinum black is put either to the end of the piston- 
rod or to the bottom of the cylinder — a very minnte quantity 
b^ng sufficient, say a piece the size of a pin head. This 
doubles the power of the apparatus, and we get explosions 
when there is two to two and a half per cent. — always when 
two and a half — of gas present. I think we have sometimes 
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deteofed two per cent., bat I do not tliink we have gone 
farther in delicacy than that. I place the instnunent, sooh 
as it is, before yon. When the explosion does take place, 
the air of the spot to be tried must be driven in again before 
another expeiiment can be made. In order to do that, it was, 
at first, thought necessary to pat in a rod of glass, by which 
means the air that had exploded was driven oat: then, upon 
withdrawing the glass rod, the air of the place mshed in. 
My first idea was to put in a eUyp-codk, bat I was afraid it 
might caase a complication, as the least opening spoils the 
apparatoa. However, I have one here with a stop-cock at 
the bottom : the advantage of that is that we can draw in a 
fresh sapply of air, and condact a fresh experiment in that 
way. But this apparatus is not at present in a workable 
condition — it has just come from the workman, and is not 
quite tight. I suppose we shall be able to have it made 
ultimately so that the two metal surfaces will work upon 
each other with sufficient dosenesa to prevent the necessity 
of any substance whatever being used for lubrication. In 
the absence of that we must retara to the soap and water ; 
hut I think it is within the power of mechanism to make it 
so.' 

Several experiments with ordinary coal-gas were conducted 
in presence of the members, with success. 



Mr. Teale asked whether it T'ould be possible to tell the 
per centage of gas in a mine by means of the spark tube. 

Dr. Akqus Smith said he was afraid this could not he 
done. He, however, thought that a man who had had 
a good deal of experience might tell pretty nearly by the 
Hash whether there was little or much gas, but it would 
never he an exact measure of quantity. 

* Note. — The puton did not rencli to the bottom of Qie cylinder ; if it 
leBohM too near end great Eoioe is employed light may be obserred, ai Ur. 
DauDeT has abown, aad as the well-kcowii heat would indicate. 
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Mr. Dickinson said that both Dr. Angus Smith's instru- 
ment and that of Frofesaor Forbes, exhibited at a {H^Tionf 
meeting, seemed to be opening out a new test in mining, 
which — ^particularly in those mines where gunpowder was 
used, and where there was a large per oentage of gaa — was 
likely to produce excellent results. 

The Chairman said that the iarention seemed to him to 
present one difficulty, namely, that a light would be needed 
within the mine by the person using the tube ; and there 
would still be the risk which would attend the taking of a 
lamp into places where gas might be lurking. 

Dr. Angus Smith said he had thought of that difBculty, 
but, as he before mentioned, he supposed in the first place 
that there were parts of the mine which were free from gas, 
and the miner could go into these with his Itmip ; taking 
his lamp as far as might be conTenient, he would leave it 
and proceed to make trials with the tube in different places. 
The great danger from gas was, he believed, when it lodged 
in quantities in the roof ; in such oases the miner would 
place bis lamp on the floor, and, filling the tube with air 
from the roof, would make the requisite tests in perfect 
safety. He (Dr. Smith) did not, of course, bring the 
instrument forward as a complete and finished invention, 
which was to prevent all explosions for ever in coal mines ; 
he brought it simply as an idea which he thought might be 
useful in the prevention of explosions. He did not say that 
it was the best idea, but it was a novel idea, and if anyone 
thought it was likely to be useful, it was at his service, and 
he would be happy to assist in further developing it. The 
test was not so delicate as Professor Forbes', because his 
instrument indicated one per cent, of gas ; the spark tube, 
he did not think, had ever gone finer than two per cent., 
but it might, in some oases be more convenient, and might 
be used by a rougher band, than Professor Forbes'. 
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FURTHER NOTES OF TRIASSIC BORINGS NEAR 
WARRINGTON. 

By 0. E. DeRancb, F.Q.8., AbbooJusLCE., of 
H. M. G«ologicsl Surrey. 



In a paper I laid before the Society in February of last 
year, I Btated that I considered tlie bard compact Bsnd- 
etone, met with in Bootle boring at a depth of 1228 feet 
from the surface, belonged to the Lower Mottled sandstone. 
I also called attention to the rounded character of the 
fragments of the soft sandstones lying between the base 
of the Pebble Beds, which occurred at 1039 feet, and the 
top of the hard bed just described, and I further attempted 
to show that the roonded, or " millet seed grain," is present 
in the hard rock beneath, which is simply the softer 
sandstone cemented together by lime. This boring baring 
failed to penetrate the hard rock, though carried to a total 
depth of 1334 feet, left a certain amount of doabt as to 
the correctness of my identification, and I have since 
learned that several authorities refer the rock in question 
to the Permian, or to the Coal Measures. I am, therefore, 
anxious to lay before the Society additional information, 
which, in my opinion, satisfactorily proves the oorrectneee 
of my conclusions. 

In February, 1879, 1 was unacquainted with any ro<& 
resembling the hard compact sandstone of Bootle, in May of 
the same year I was much interested to reoognim it, in a 
series of samples of cores shown me by Mr. Timmin^ of 
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Runcorn, the contpactor for tie well-boringa and other 
works now being put down at "Winwiok, near Warrington, 
and on going through the series of specimens occuring 
beneath the hard band, I had the satisfaction of finding 
that the hard hand at Winwick is underlaid as well as 
orerhiid by soft ninning sand, with a millet seed grain, the 
whole series most certainly belonging to the Lower Mottled 
sandstone. Beneath them are 49 feet of indurated mottled 
grey and dark marls, and calcareous bands overlying good 
limestone which appears to precisely correspond with the 
Upper Coal Measure limestones near Manchester, and the 
limestone proved in the Claybm Vale boring described in the 
Transactions of the Society, by Mr. Athorton, the cores 
from which I had the opportunity of examining through 
the courtesy of Mr. Vivian, of the ^orth of England Rook 
Boring Company, These coal measure deposits occuring 
at a depth of only 340 feet or 113 yards from the surface, 
cannot hut be regarded as a discovery of the highest 
' commercial importance, as well as of scientific interest, for 
looking to the westerly attenuation of thickness of the coal 
measures of Soath Lancashire, to which 1 have already 
drawn the attention of the Society, there can be little douht^ 
but that the Manchester coal-field will occur at a less depth 
beneath the limestone than at Manchester, in which case 
a valuable and workable coal-field may be under the Londcoi 
and North Western Railway at Parkside, where a boring 
has also recently been carried out, and where the coal 
measures have probably been reached at even a still 
smaller depth, but the particulars of which I have not as 
yet been able to find time to procure, it necessitating a visit 
to North- Western works at Crewe where the cores are 
preserved. 



Dcillizedoy Google 



The {ollowmg is th« jonmal of the Winwiok boriiijr:~ 



Ft. i 



Ft.il 



172 6 



Mom 2 

30 Fine white sand 28 

127 5 Fine grain sandatone 97 5 

f CoarBe compact ftandstone, witli millet- 
seed grun and red marl bed .... 45 1 

182 Shaly marl 9 6 

201 Tine grained (L. tH.) sandatone 19 

212 Hard Bandatoite 10 

Sandy marl Ion 

214 Marl } 

226 ColcoreaH sandstone 12 

262 6 Marl 26 6 

270 6 Large grained sandstone IB 

276 6 Marl 6 

298 6 Soft white sand 22 

329 6 Soft brown sand 31 

340 6 Red sandstone 110. 

351 6 Mottled grey marl 11 

360 Dark mottled marl 8 6 

865 Hard brown sandstone SO 

869 Brown marl 4 

373 Variegated marl 4 

885 Marl 12 

396 Limestone 11 

399 Marl 3 

408 Limestone 9 

412 Compact limestone 4 

The dip of the Pebble-Beds ia the neighbourhood is to the 
south-east, and south at low angles, in Nos. 1 and 2 shafts, 
tbe strata consist of soft red moulding sand without pebbles, 
very easily worked. Ifo. 3 Shaft exhibits characteristio 
Pebble-Beds, the current-planes being coTered with dai^ 
mica, the rock is bard and contains pebbles. No. 4 shsft, 
near the Spa Well, alao is undoubted Pebble-Beds, though 
moderately hard, and contains many pebbles. 



33' 6* 
' Upper ooal 



37 feet of 
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A drift, or level is being driven to this shaft from the 
pumping btation 1200 yards distant, which will doubtless 
throw much light on the Btmctiire of these sandstones, a 
powerful spring of water was met with in TSo. 4 shaft at a 
depth of about 90 feet from the surface. 

The level of the Parkdde Wells of the North-Westam 
Boilway will be about 110 feet above O.D.,that of Winwick 
pumping station 12S feet, that of the Spa Well about 96 feet, 
that of the Dallam Lane Forge Well about 43 feet. Between 
Cktlbome and Parkside, true Pebble-Beds occur dipping 
east, from Parkeide to Spa Well, they continue and 
gradually change their direction of dip to south-east, as is 
well seen at Middleton Hall quarry, near Spa WeU. Had 
not this change of strike taken place the base of the Pebble- 
Beds would have cropped out north of Winwick, instead of 
which they occupy a considerable tract around Golbome, 
and the thickness of triassio strata at Parkside would have 
been much lees than at Winwick I^ miles to the south, the 
strike of the nx^s nearly coinciding in direction with a line 
drawn between the two wells. 

Between the Winwick pumping station, and Dallam 
Lane Forge 3^ miles distant this is not the case, the Pebble- 
Beds at Hnlme Delf, south of Winwick, dip south at or 
directly on the Dallam works, the dip varies in different 
quarries from 4° to 8°, taking it at 4°, and the base of 
the trias at Winwick at 215 feet below O.D., and assuming 
the surface of the Coal- Measure beneath the trias to corres- 
pond to the amount of dip, the base of the trias would be 
carried down 1000 feet at Dallam Lane Fo^e, or 131^ feet 
below O.D., and 1258 feet below the surface. 

The boring of which I gave details* actually penetrated 

of this thickness 880 feet, the bottom beds met with bdng 

70 feet of soft Lower Mottled sandstone, with the millet 

■ Traiu. Uta. Qeol. Soc. ISTS. 
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aeed gnun, oocorring itnmedutely benwath pebble bearing 
Pebble-Beds, bo that theae soft beds evidently belong to the 
appermost portion of tbe Lower Mottled series, these we have 
seen at Winwiok reach a tbickDess of more than 200 feet, 
and at Beetle boring of more than 300 feet ; in the lattor 
case, without their base being readied, so that they may 
possibly be 350 feet thick under Warrington, in which case 
Hieir base will be 1230 feet beneath Dallam Lane Forge 
vhioh closely agrees with the calculation of the probable 
poation of the base of the Trias, based upon the observed 
dips at Winwiok. THere is, therefore, strong evidence to 
bdieve that the Ooal-Meaanres under-lie Warrington at a 
depth of 400 yards, but at what angle and in what direction 
they dip tiiere is no evidence to show. 

The higher coals of the Wigan ooal-field, the Ince mines, 
are striking nearly south, between Town Greem, Ashton, 
and Edge 0reen, Oolbome, and, did no fault intervene, 
their southern prolongation would pass through Newton 
Bridge and Great Sookey, but it is repeatedly thrown back 
westwards by faults, with westerly downthrows, so that tbe 
coal measures between Winwick and Sutton are higher 
measures lying above the Lyons Delf , of St. Helens, and pro- 
bably in great part,belong to the Upper (or Manoheeter) ooal- 
field. lutheoentreof this tractacollieryhasbeensunkonBold 
Moss, east of St. Hdens Junction, for opportunitieB to view 
which and for copies of the section passed througb, I have to 
thank Mr. Harbottle, the managingdireotor, several coal seams 
have been passed through, and these have been supposed 
to be idNitical with the upper seams of the St. Helens field, 
but after having tbe Boction drawn to scale and compared 
with the neighbouring collieries, I am inclined to think 
that these coals are on a bigber horizon and probably 
belong to the upper coal measures. Progressing westwards, 
the first fault with an easterly downthrow is that passing 
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throngE Whiston, which with that pasaiiig Satton Heath, 
throws in tiie remarkable trough of New Red Bandstone, 
extending from Raiiihill to Eocleston Hill, which I hare 
lately had the opportunity of examiniag in great detail, 
and it will be noted that it is in this triangle that the small 
tract of Upper Ooal-Meaaore limestone is brought by &ultB 
to the Bur&ce at Huyton, long since described by Mr. 
Binney and Prof. Hull ; here we have the normal S. W. 
and N. E. strike of this area, and should this continue east- 
wurds, and the limestones proved as Winwick range in this 
direction with a south-easterly dip, the measures underlying 
the trias of WarriagtoD, must be very considerably above 
the horizon of the limestones and higher to the series th&n 
any coal-measures cropping to the surface in Lancashire. 
But should the limestones of Winwiok belong to the some 
horizon as those of the Manchester coal-field, it is in the 
highest degree probable that another 600 feet, and possibly 
much less, would reach the Openshaw coal or its equivalent. 
Microscopic Structure. — ^Through the kindness of Messrs. 
Mather & Piatt, of Salf ord Iron Works, the contractors iox 
the Liverpool Corporation boring at Bootle, I have obtained 
a series of samples of parts of the cores brought np from 
different depths, some of which I have submitted to the 
experienced microsoopist, Mr. John Arthur Phillips, who 
has compared them with eaoh other, and other sandstone 
sections, from whose examination it appears the hard rock is 
composed of similar rounded grains to the soft rock, and 
from the character of the surface of those grains, there is a 
strong reason to believe they were originally an ancient 
blown sand. A large number of other interesting pheno- 
mena resulted from Mr. Phillips' examination, as to the 
origin and composition of the grains, the presence of 
crystals of subsequent growth on their surface, these and 
other matters foreign to this paper, will be embodied in Mr. 
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PhOlipe' investigfttions on tke sedimfliitarjr roche, on Tbidi 
he is now engaged. 

Those who have studied the method of oooorrence of 
blown sand on the Lancashire coast know that of necewi^ 
pebbles are rare, the sand la largdy correat-bedded by the 
action of the wind ; that tain-water chafed with carbonic 
acid gas percohiting through sand-hills dissolves out Hhells 
of mollusca, and that these seldom occur ; that the low flat 
tract between sand-hills are subject to floods, and inhabited 
by toads. 

Studying the Triassic rocks of Lancashire in reference to 
these characteristics, we have, in ascending order, the Lower 
Mottled Sandstone, composed of rounded grains, reeembling 
those of modem blown sands, uid no traces of life. Uie Pebbk 
Beds, sandstone with pebble banks or beach following lines 
of current bedding and old water margins — pointing to the 
movement of water or currents causing denudation, and the 
arrest of the velocity of the movements of these currents, 
causing deposition. The Pebble-Beds contain inconstant 
shale beds pointing to local currents, tranquil deposition, 
which the pressure of pseudo-morphous crystals of salt prove, 
took place in isolated lagoons. The Vj^r Mottled Sand- 
stone, pebbles are exceedingly rare, shale beds unconuncm, 
and beds of millet seed grain often occur, especially towards 
the upper part, which nearer the base are lines of erosion, the 
rock eroded being invariably sustained by coarse-grained 
rock, resembling in character that of the Pebble Beds, and 
that formed at a later period at the base of tbe Keuper 
series. The Zohw Keuper building stones are all bard, 
compact, and angular-graiaed ; they are associated with 
shale-bands, plant and labyrinthodont remains ; at the close 
of this episode, the sources of coarse material appear to have 
been out ofi*, and the water depositing flue sands — alternating 
with marls — ^was tranquil, undisturbed, and unmoved by 
currents. 
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Water'Supplj/. — The soft, millet-Bead grained, moulding 
Bands of Town Careen, near Ormjskirk, belong to tho Upper 
Mottled sandstone, bat occupy a lower horizon in it than the 
more compact sandstones fanlted in west of the railroad, in 
which the principal well-boringB ol the Soathport Water 
Works have been carried, Bot the soft beds afford the 
water-bearing horizon in the wells of the Widnes Local 
Board, at Stockwelle and Ketherlee. 

At Dallam Lane forge boring, as stated in my proTious 
communioation on the aubjeot, distinct traces of a fatdt oconr 
at 753 feet ; and at 384 feet, Mr. Beck found the beds turned 
on end, dne, in his opinion, to a second fanlt. That one 
faolt occurs, ranging np from the south side of the river, is 
undonbted, and I was inclined, with Mr. Strahan, to attribute 
the brine spring met with to the action of this fault, leading 
the brine from the salt diBtrict, in the Eeuper marls, to the 
south. But daring the past year, after careful study of the 
action of faults on the passage of water, I hare given up the 
position as untenable. 

Where two porous, permeable rocks, are thrown against 
each other by a fault, the dislocation offers little resistance 
to the passage of water through the fault, and affords no 
facilities for its passage along its length — either between its 
walls or along the face of the upcast slope. 

Where two impermeable beds of shale, or clay, are thrown 
against each other, the fissure of the fault is narrow, that 
it seldom includes foreign materials, and water can neither 
pass through, or along it. 

Where permeable formations are thrown against imper- 
meable rooks by faults, the district is divided into water- 
tight oompartmente, water flowing down the dip planes of 
the strata, ponding up on the dip side, travels along the 
face of the fault and rises until it escapes, where the porous 
rock crops to the surface and is out off by the fault, the 
coarse of which is marked by a line of' springs. 
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In the oan oi tlifl fault tmTeniiig Warrington from the 
south, the fiosure of the fault in the salt-hearing marlB 
Tould be oloee, and onaTailable aa a dnot, and sappoaing 
even brinfrladen water to have sunk into the eandstone 
beneath, these being porous would absorb it equally in all 
direotionB, and would be incapable of oonveying it in the 
fissure of the fault to Uieir outcrop to the north under 
"Warrington. 

Looking to the probable proximity of the coal measures 
to the sur&ce, and that salt^springg occur in many coal- 
fidds, and, indeed, in the Wigan coal-field, near Worthing- 
ton, I am inclined to believe the brine-springs of Dallam 
Lane to be of ooal measure origin. 



Mr. DicxiNSON Baid that in the paper which he had read 
Mr. DeBonoe spoke of the rooks bored through, both at 
Winwick and at the Dallam Forge, as being mottled sand- 
stone, with the pebble beds below. About a year ago a 
paper upon that subject was read by Professor Hull in 
which the rooks in question were attributed to another and 
quite a difEerent formation. Frofessor Hull had laid down 
the geology of those rocks upon the Geological maps, and 
the object of his paper, read before that Society was to 
disprove his own previous work. So far as he (Mr. 
Dickinson) was aware all those members who took an 
interest in the matter oonsidered that the Geological map 
was right and that the Professor's more recent conclusions 
were wrong. He would like Mr. Deltance to say whether 
he conaidered the map to be right, or otherwise ? 

Mr. DeBangb : The map, I think, is correct. 

Mr. DicsiNsoN said he quite coincided with Mr, De 
Bance, and that Professor Hull went out of his way to 
prove his own work to be wrong. He (Mr. Dickinson) had 
never had an opportunity of seeing the limestones at 
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Winwiok, which were nink to for the water works ; hut he 
knew Fennian limestone had been met with and worked 
at Patricroft ; also at A^ley and West Leigh ; and had 
been sunk through again in the new pit at West Leigh. 
It was generally sapposed that the limestone met with 
at Winwick was Permian too. If Mr. Deltanoe, from 
obserration, was able to say tiiat it was carboniferons and 
not Permian it would really be a most important distinction, 
which would require to be understood and recognised. 

Mr. DbRance said he believed there were fossils in it,* 
bnt he had not seen them. He might say, with regard to 
the faults, that he believed the reason why Professor Hull 
came to the conclusicoi he did was the very extraordinary 
quantity of salt found in the boring at Dallam Lane, and 
the great similarity of the top beds there to the upper beds of 
the Eenper. Mr. DeBance read the following letter from 
Mr. Beck, of the Dallam Lane Works : — 

" WHlst we were boring at Dallam Lane Foi^e, the water 
stood ia the bore froci 31ft. 6in. to 3dft. Gin. from the aur&ce, 
being Blightlf affected, I presume, hy the neighboariag wells, 
which were kept down to a level of about 60 feet daring the week. 
The 31-6 was registered on a Tuesday, and the 35-6 on a Friday. 
The highest amount of oMorides was from a sample hrought up from 
the bottom of the bore, the outrage of the bore at the time being 
about 1900 grains to 2200 at the full depth. I did not get a 
sample from the hottom. The average samples were taken after 
some hours pumping with the bore closed and the pump drawing 
against a IS to 20 inch vacuum." 

From all that he (Mr. DeBance) had seen there was no 
reason to suppose trough faults throw in higher beds at 
Dallam. A fault, however, traversed (^orth and South) 

• Since wriHng He atove, I have been informed that Bpirtrhii CarbmuHiut 
has 1}«en delecl«d hy Mr. Siddol, of Oheeter, in a microscopic section of the 
Winwick limestone, nhich subatantiBtea my vieira. — 0. E. H. 
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dirongh Wuringtoii, throwing certain measures against 
similar measures — and it was met with not only in 
the Dallam Lane sinking, but also in another boring 
bekoiging to the same Company at the Warrington Wire 
Iron Works,* vhere a well was sunk which was also 
bnuskish ; and it had been suggested that it was by means 
oi this fault, which was known to occur at the surface south 
of the river, and to traverse the red marl district, acting 
as a duot, that the salt was drawn from the salt districts of 
Cheshire. He did not, however, see how that view couM 
possibly be sustained. 



End op Vol. XV. 



* I hftTfl to thank He. Beck, of Dallun I^ne Forge, for mach intbtm- 
atloa; alio Ur. Tinunins, of Bnncom, and his son, Mr. A. Timmiiu, 
8hid.Iiut.Cj:., for many facilitief and for asBuUnoe. — C. E. B. 
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